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OO 

(N : ABSTRACT 

Repeated imaging observations have been made of NGC 3627 with the Hubble Space Telescope in 

^ ■ 1997/98, over an interval of 58 days. Images were obtained on 12 epochs in the FbbbW band and on five 

G> \ epochs in the F'&IAW band. The galaxy hosted the prototypical, "Branch normal", type la supernova 

^ ■ SN 1989B. A total of 83 variables have been found, of which 68 are definite Cepheid variables with 

, periods ranging from 75 days to 3.85 days. The de-reddened distance modulus is determined to be 

Q ' (m — M)o = 30.22 it 0.12 (internal uncertainty) using a subset of the Cepheid data whose reddening 

0> . and error parameters are secure. 

^ ' The photometric data of Wells et aL| (1994), combined with the Cepheid data for NGC 3627 give 



^ . MB(max) = -19.36 ± 0.18 and Mv/(max) = -19.34 ± 0.16 for SN 1989B. Combined with the 

previous six calibrations in this program, plus two additional calibrations determined by others gives 
O ■ the mean absolute magnitudes at maximum of (Mb) = -19.48 ± 0.07 and (My) = -19.48 ± 0.07 

)H ! (Table |5]) for "Branch nor mal" SNe la at this interim stage in the calibration program. 

^ ■ Using the argument by Wells et al. (1994) that SN 1989B here is virtually identical in decay rate and 



colors at maximum with SN 1980N in NGC 1316 in the Fornax cluster, and that such identity means 
nearly identical absolute magnitude, it follows that the difference in the distance modulus of NGC 3627 
V . and NGC 1316 is 1.62 ± 0.03 mag. Thus the NGC 3627 modulus imphes that (m - M)o = 31.84 for 

H : NGC 1316. 

The second parameter correlations of Af(max) of blue SNe la with decay rate, color at maximum, and 
Hubble type are re-investigated. The dependence of (M(max)) on decay rate is non-linear, showing a 
minimum for decay rates between 1.0 < Amis < 1-6. Magnitudes corrected for decay rate show no 
dependence on Hubble type, but a dependence on color remains. Correcting both the fiducial sample of 
34 SNe la with decay-rate data and the current eight calibrating SNe la for the correlation with decay 
rate as well as color gives Hq = 60 ± 2 (internal) km s^^ Mpc^^, in both B and V . The same 
value to within 4% is obtained if only the SNe la in spirals (without second parameter corrections) are 
considered. 

The correlation of SNe la color at maximum with M (max) cannot be due to internal absorption be- 
cause the slope coefficients in B, V , and / with the change in magnitude are far from or even opposite 
to the canonical reddening values. The color effect must be intrinsic to the supernova physics. "Absorp- 
tion" corrections of distant blue SNe la will lead to incorrect values of Hq. 

The Cepheid distances used in this series are insensitive to metallicity differences ( Sandage, Bell, & 
Tripicco 1999). The zeropoint of the P-L relation is based on an assumed LMC modulus of (m — M)o = 
18.50. As this may have to be increased by 0^"06 to 0™08, all distances in this paper will follow and Hq 
will decrease by 3 - 4%. 

^Based on observations with the NASA/ESA Hubble Space Telescope, obtained at the Space Telescope Science Institute, operated by AURA, 
Inc. under NASA contract NAS5-26555. 

^Affiliated to the Astrophysics Division, Space Sciences Department of ESA. 
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1. INTRODUCTION 

This is the ninth paper of a series whose purpose is to 
obtain Cepheid distances to galaxies that have produced 
supernovae of type la (SNe la), thereby calibrating their 
absolute magnitudes at maximum light. The Hubble dia- 
gram for SNe la that are not abnormal in either their intrin- 
sic colors or their spectra at maxim um (Branch, Fisher, & 
Nugent 1993) is exceedingly tight ( Sandage & Tammann| 
1993; [Tammann & Sandage] 1995; |Saha et al | 1997 ; Par- 
odi et al. 1999) even before second-order corrections for 



lig ht curve decay rate or col or ( [Hamuy et al.| 1995, 1996a, 
b; Riess, Press, & Kirshner 1996) are applied. Hence, the 
absolute magnitude calibrations lead directly to a good es- 
timate of the global value of the Hubble constant because 
the SNe la Hubble diagram is defined at redshifts that are 
well beyond any local velocity anomalies in the Hubble 
flow. 

The previous papers of this series concern Cepheids in 
IC 4182 for SN 1937C (|Sandage et aL| 1992, Paper I; 



Saha et al.| 1994, P aper II), NGC 5253 for the two SNe la 
18 95B and 1972E (|Sandage et al.| 1994, Paper III; Saha et 



al. 1995, Paper IV), NGC 4536 for SN 198 IB (|Saha et al 



1996a, Paper V); NGC 4496A for SN 1960F dSaha et al 



1996b, Paper VI); NGC 4639 f or SN 1990N (Sandage et 
al. 1996, Paper VII; |Saha et al.| 1997, Paper VIII). 

The purpose of this paper is to set out the data for the 
discovery and photometry of Cepheids in NGC 3627, the 
parent galaxy of the type la SN 1989B. This case, together 
with the new SN la 1998bu in NGC 3368 for which T an- 
vir et al. (1995) have a Cepheid distance, and the new 
Cepheid distance of NGC 4414 ( [Turner et all 1998), par- 
ent galaxy to SN 1974G, and the compilation of the extant 



photometric data on SN 1998bu (Suntzeff et al. 1998) and 



on SN 1974G (Schaefer 1998), now increase the number 



of SNe la calibrators from seven in Sandage et al. (1996) 



and Saha et al. (1997) to nine here. It will be recalled 



that we have used the absolute magnitude of SN 1989B 
in two previous discussions ([Sandage et al. 1996; S aha et 
al. 1997) but based on the then unproven premise that the 
Tanvir etal.[ (1995) Cepheid distance to NGC 3368 would 
be the same as the distance to NGC 3627, as both galaxies 
are in the loose Leo association. 

SN 1989B was discovered by visual inspection of 
NGC 3627 by [Evans| (1989) on January 30, 1989 which 
was 7 days before maximum light in B. A detailed 
light curve in UBVRI and a determination of the redden- 
ing of E{B -V) = 0'?'37 ± (r03 was made by Wells 
et al. (1994), following the earlier analysis by Barbon 
et al. (1990). The magnitudes at maximum corrected 
for the extinction are i?(max) = lO'.'^SG it (K"13 and 
y(max) = 10^88 ± ff^lO. 

The parent galaxy NGC 3627 (M 66) is one of the 



brightest spirals (Sb(s)II.2) in the complicated region of 
the Leo group, first isolated by pumason et al. (1956, 
Table XI) where 18 possible members were identified in- 
cluding NGC 3627 and NGC 3368 ( M 96). Bo th galaxies 
are illustrated in the Hubble Atlas ( [Sandage 1961, pan- 
els 12 and 23), and the Carnegie Atlas (Sandage & Bedke 
1994, Panels 118, 137, and S14). 

Ue Vaucouleurs ( 1975) has divided the larger Leo group 
complex into three groups. G9 in his Table 3 is a spiral- 
dominated subgroup near NGC 3627 (M 66). His Gil is 
dominated by NGC 3368 (M 96), parent to SN 1998bu 
and contains NGC 3351, for which a Cepheid distance is 
also available (Graham et al. 1997). The agreement of 



the Cepheid distances of NGC 3368 and NGC 3351 to 
within (K"36 ± 0?^25 is satisfactory. The smaller group 
G49 surrounds NGC 3607. The division into three sub- 
groups is supported by the three-dimensional hierarchi- 



cal clustering analysis of [Materne[ (1978). A catalog of 
52 possible members of the subgrouping in the field of 
NGC 3368, NG C 3379, and NGC 3384 is given by Fer- 
guson & Sandage (1990). 

Because of the complication of three subgroups rather 
than a well defined single group, we have never been to- 
tally convinced that the distance to NGC 3627, required 
to calibrate SN 1989B, could be taken to b e that of the 
Cepheids in NGC 3368 from [Fanvir et al.[ (1995), al- 
though we analyzed our calibration data in Papers VII and 
VIII on that premise. This assumption is now no longer 
necessary with the discovery and analysis of Cepheids in 
NGC 3627. 

Figure [l] shows a ground-based image of NGC 3627 
made from the Mount Wilson 100-inch Hooker blue plate 
(E40) that was used in the Hubble Atlas and for one of 
the frames of the Carnegie Atlas. The position of the 
four WFPC2 chips of the HST is superposed to show our 
search area for the Cepheids. The position of SN 1989B 



is marked, taken from the photographs in [Barbon et al 
(1990). 

Figure ^ is a color composite HST montage of stacked 
frames. The dust lanes are striking both here and in Fig. |I| 
The extinction clearly varies over short scales on the im- 
age. This forewarns about the importance of differential 
extinction to the Cepheids, requiring good color informa- 
tion for them to obtain a reliable true modulus. The ex- 
tinction in NGC 3627 is more severe than in any galaxy 
of our six previous calibrations in Papers I-VIII of the se- 
ries. 

The journal of the HST observations and the photom- 
etry of the master template frame are in the next section. 
The identification and classification of the variables are in 
§ 3. The apparent period-luminosity relations, the anal- 
ysis of the severe absorption problem and how we have 
corrected for it, the resulting distance modulus, and the 
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absolute magnitude at maximum for SN 1989B are in § 4. 
In § 5 we combine the data with our six previous calibra- 
tors, as well as SN 1974G in NGC 4414 and SN 1998bu in 
NGC 3368 from external sources. This paper provides a 
direct Cepheid distance to NGC 3627 and removes the un- 
certainty, thereby strengthening the weight of SN1989B 
in the overall calibration. A first value of Hq is given. A 
discussion of the second-parameter corrections and their 
effect on Hq is in the penultimate section § 6. 

2. OBSERVATIONS AND PHOTOMETRY 
2.1. The Data 
Repeated images of the field in NGC 3627, shown in 



Fig. g, were obtained using the WFPC2 ( Poltzman et al 



1995a) on the HST between November 1997 and January 
1998. There are 12 discrete epochs in the F555W pass- 
band, and 5 epochs in the F814:W passband, spanning 
a period of 58 days. The duration of this period is con- 
strained by the time window during which this target can 
be observed with HST without altering the field orienta- 
tion. This window was further curtailed due to logistics 
for accommodating a campaign with the NICMOS cam- 
era, for which a change of the telescope focus was neces- 
sary, thus rendering the telescope useless for other kinds 
of observations. 

The epochs were spaced strategically over this period to 
provide maximum leverage on detecting and finding peri- 
ods of Cepheid variables over the period range 10 to 60 
days. Each epoch in each filter was made of two sub- 
exposures taken back-to-back on successive orbits of the 
spacecraft. This allows the removal of cosmic rays by 
an anti-coincidence technique. The images from various 
epochs were co-aligned to within 3^ pixels on the scale 
of the PC chip, which is 1-2 pixels on the scale of the 
other three wide-field chips. The journal of observations 
IS given m Table |l|. 

2.2. Photometry 

The details of processing the images, combining the 
sub-exposures for each epoch while removing cosmic rays 
and performing the photometry with a variant of DoPHOT 



dSchechter et al.| 1993) optimized for WFPC2 data has 
been given in Saha et al. (1996a) and need not be repeated 
here. The data reduction procedure is identical to that de- 
scribed in Paper V, with the one exception of a change 
in the definition of the "partial aperture". Instead of the 
9x9 pixel aperture, a circular aperture of 5 pixel radius 
was used, and the local background is defined as the value 
for which the aperture growth curve is flat fr om 6 to 8 pix- 
els. The details of these changes are given in [Stetson etal 
(1998) in their § 2.2. This change produces no known 
systematic differences, but improves the S/N with which 
aperture corrections are measured. 

In keeping with the precepts in Paper V, the measure- 
ments in any one passband are expressed in the magnitude 



system defined by Holtzman et al. (1995b) that is native to 
the WFPC2. These are the F555W and F8141^ "ground 
system" magnitudes calibrated with HST "short" expo- 
sure frames. The issue of the discrepancy of the photo- 
metric zero-points for the "l ong" an d "short" WFPC2 ex- 
posures, originally found by [Stetson| (1995) is described in 
some detail in Paper V. In any eventual accounting for this 
zero-point correction, one must add (fP05 in both pass- 
bands to the pJoltzman et al] (1995b) calibration when- 



ever the exposures are longer than several hundred sec- 
onds. The cause of this zero-point difference is not fully 
understood at the time of this writing, and, as in previous 
papers of this series, we continue to present the basic pho- 
tom etry (Tables 3| and on the "uncorrected" Holtzman 



et al. (1995b) "short exposure" calibration. And, because 
all of our WFPC2 observations have exposure times that 
are "long", we make the 0^"05 adjustment only at the re- 
sulting distance modulus of NGC 3627 (cf. § 4.2.2.). Cor- 
respondingly the distance moduli in Table |5| are corrected 
to the 'long' calibration scale by 0^"05, except the moduli 
of IC 4182 and NGC 5253 which were observed with the 
older WF/PC. 



3. IDENTIFICATION AND CLASSIFICATION OF THE 
VARIABLE STARS 

Armed with measured magnitudes and their reported er- 
rors at all available epochs for each star in the object list, 
the method described by [Saha & Hoessel (1990) was used 
to identify variable stars. The details specific to WFPC2 
data have been given in various degrees of detail in Pa- 
pers V, VI, and VIII. 

All variable stars definitely identified are marked in 
Fig. ^ However, some of the identified variables cannot 
be seen in Fig. ^ because of their extreme faintness and/or 
because of the large variation in surface brightness over 
the field. Hence, to complement these charts, we set out 
in Table § the X and Y pixel positions for all variable stars 
as they appear in the images identified in the HST data 
archive as U3510701R and U3510702R. 



The photometry on the Holtzman et al. (1995b) "short 
exposure" calibration system for the final list of 83 vari- 
able stars is presented in Table ^ for each epoch and 
each filter. The p eriods were determined with the L afler- 
Kinman algorithm (1965) by using only the F555W pass- 
band data. Aliassing is not a serious problem for periods 
between 10 and 58 days because the observing strategy 
incorporated an optimum timing scheme as before in this 
series. 

The resulting light curves in the F555W passband, to- 
gether with periods and mean magnitudes (determined 
by integrating the light curves, converted to intensities, 
and then converting the average back to magnitudes, and 
called the "phase-weighted intensity average" in Saha & 
Hoessel 1990), are shown in Fig. 0, plotted in the order of 
descending period. 
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Four objects, C2-V23, C2-V25, C2-V36, and C2-V37 
are definitely variable but are unlikely to be Cepheids. 
They may be periodic with periods greater than the time 
spanned by our 12 epochs, or they may be transient vari- 
ables such as novae. They are plotted in Fig. ^ with peri- 
ods set artificially at 100 days (much larger than the ob- 
serving time base of 58 days) for the purpose of visual- 
ization. Four obvious objects, Cl-Vl, C2-V38, C4-V3, 
and C4-V14 have periods that are just a little larger than 
the observing time base. Best guesses of the periods have 
been made from the light curve shapes. As the periods 
of these variables are not definitive, they should be used 
with caution in deriving distances. The remaining vari- 
ables have light curves and periods that are consistent with 
being Cepheids. 

The available data for the variables in F814W were 
folded with the ephemerides derived above using the 
F555W data. The results are plotted in Fig. |[ The 
long-period variables, transient variables, and long-period 
Cepheids (as discussed above) are shown with the same 
assigned ephemerides as in Fig. Q Not all the variables 
discovered from the F555W photometry were found in 
the F814:W images. The fainter variables, either because 
they are intrinsically faint or else appear faint due to high 
extinction, may not register clearly on the F814W frames 
which do not reach as faint a limiting magnitude as those 
in F555W. Since photometry of such objects was obvi- 
ously impossible in F8141^, these variables are dropped 
from Fig. |5] and also from further analysis. Only the 68 
variables from the F555W frames that were recovered in 
at least one of the F8141^ epochs are considered further. 

The mean magnitudes in FSIAW (integrated as in- 
tensities ove£_the_cycl£)_were_oto the proce- 
dure of Labhardt, Sandage, & Tammannj (1997) whereby 
each F814VF magnitude at a randomly sampled phase 
is converted to a mean value {F814W) using amplitude 
and phase information from the more complete F555W 
light curves. Note that each available observation of 
F814W can be used independently to derive a mean mag- 
nitude. Hence, the scatter of the individual values about 
the adopted mean F814VF value is an external measure 
of the uncertainty in determining {F8\AW). This value is 
retained as the error in (F814VF), and propagated in the 
later calculations. 

The prescription given in Paper V for assigning the 
light-curve quality index QI (that ranges from to 6) was 
used. In this scheme, two points are given for the quality 
of the F555VF light curves, two points for the evenness 
in phase coverage of the five F814VF observation epochs, 
and three points for the amplitude and phase coherence 
of the F81AW observations compared with the FbbbW 
light curve. Hence, a quality index of 6 indicates the best 
possible light curve quality. A quality index of 2 or less 
indicates near fatal flaws such as apparent phase incoher- 
ence in the two passbands. This is generally the indication 



that object confusion by crowding and/or contamination 
by background is likely. 

Table ^ lists the characteristics of the 68 objects whose 
light curves in are consistent with those of 

Cepheids, and for which an F814VF measurement exists 
for at least one epoch. The F5551^ and F814:W instru- 
mental magnitudes of Table ^ have been converted to the 
Johnson V and Cousins (Cape) / standard photometric 
system by the color equations used in Papers V to VIII of 
this series, as set out in equations (2) and (3) of Paper V, 



based on the transformations of Holtzman et al. (1995b). 

The magnitude scatter cr^y^ in Table |4| is based on the 
estimated measuring errors in the photometry of the indi- 
vidual epochs. The determination of the scatter is de- 
scribed above. The quality index discussed above is also 
listed. Other columns of Table ^ are explained in the next 
section. 

4. THE PERIOD-LUMINOSITY RELATION AND THE 
DISTANCE MODULUS 

4. 1. The P-L Diagrams in V and I 

As in the previous papers of this series we adopt the P-L 



relation in V from Madore & Freedmai^ (1991) as 

My = -2.76 log P- 1.40 , (1) 
whose companion relation in / is 

Mi = -3.06 log P- 1.81 . (2) 

The zeropoint of equations (1) and (2) is based on an 
adopted LMC modulus of 18.50. 

The P-L relations in V and I for the 68 Cepheids in 
Table ^ are shown in Fig. ^ The filled circles show ob- 
jects with periods between 20 and 58 days that have a 
quality index of 4 or higher. These are the best observed 
Cepheids. No selection based on color has been made 
here, hence the total range of differential extinction val- 
ues is contained in the data as plotted, explaining part of 
the large scatter. 

The continuous line in each of the two panels shows 
equations (1) and (2) as the ridge-line relation using an 
apparent distance modulus of 30.2. The faint dashed up- 
per and lower envelope lines indicate the expected scatter 
about the mean due to the intrinsic width of the Cepheid 



instability strip in the HR diagram (Sandage & Tammann 
1968). 

The large observed scatter of the data outside these en- 
velope lines are due to the combination of (1) measuring 
and systematic errors due to background and contamina- 
tion, (2) the random error of photon statistics, and (3) the 
large effects of the variable extinction evident from Fig. ^ 
Any modulus inferred directly from Fig. ^ would be un- 
reliable. No matter how the lines defining the P-L strip 
are shifted vertically in the two panels of Fig. |6[ a large 
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fraction of the points of the total sample will remain out- 
side the boundaries of the instability strip. Analysis of the 
scatter is the subject of the next two subsections. 

4.2. Deriving the Distance Modulus 
4.2.1. A Preliminary Analysis of the P-L Relation 

Inspection of Fig. |6| reveals that the deviations from the 
ridge-lines in V and / of individual Cepheids are corre- 
lated. Stars that deviate faint ward in V also generally de- 
viate faintward in I and vice versa. This, of course, is a 
signature of variable extinction, but it can also be caused 
if the systematic measuring errors are correlated due, for 
example, to confusion or to errors in the compensation for 
background contamination that are not independent in the 
V and / passbands. To explore these possibilities and to 
correct for them we use the tools developed in Paper V 
and used again in Papers VII and VIII. 

For each Cepheid we calculate the apparent distance 
moduli separately in V and in / from the P-L relations 
of equations (1) and (2) and the observed {V) and (/) 
magnitudes from Table ^. These apparent distance mod- 
uli, called Uv and Uj in columns (7) and (8) of Table 
are calculated by 



Uv = 2.76 log P + 1.40 + (y) , (3) 



and 



Ui = 3.06 log P + 1.81 + (/) . (4) 

They are the same as equations (6) and (7) of Paper V. 

If the differences between the V and / moduli are due 
solely to reddening, and if the dependence of the redden- 
ing curve on wavelength is the normal standard depen- 
dence as in the Galaxy, then the true modulus Ut is given 
by 

Ut = Uv - R'v ■ {Uv - Ui) , (5) 

where R is the ratio of total to selective absorption, 
Av I Eiy — I). This is equation (8) of Paper V. However, 
equation (5) is valid only if the difference between Uv and 
Uj is due to extinction, not to correlated measuring errors, 
in which case the value of R would not be given by the 
normal extinction curve where Av /Aj = 1.7 and the ratio 
of absorpt ion to reddening is R'y = Av/E{V-I) = 2.43 
( Scheffler 1982). Such coupled errors clearly exist (based 
on Fig. ^ later where the slope of the Uv vs. Uj correla- 
tion is closer to 1 than to the required slope of Av/Aj = 
1.7 if the correlation were to be due entirely to differen- 
tial extinction rather than to measuring errors). Hence, 
the interpretation of the values calculated from equations 
(3), (4), and (5) is considerably more complicated than 
would be the case in the absence of the correlated system- 
atic measuring errors. Nevertheless, in the initial pass at 
the data to derive the true modulus, we use equations (3) 
to (5) as a first approximation. The second approxima- 
tion, based on knowledge gained by the methods of this 
section, is in the next section 4.2.2. 



The values of Ut are listed in column 9 of Table Q 
These would be the true moduli, as corrected for normal 
extinction, assuming that there are no systematic measur- 
ing errors. The total rms uncertainty for each Ut value is 
listed in column 10. This uncertainty includes contribu- 
tions from the estimated random measuring errors in the 
mean V and / magnitudes, (in columns 4 and 6), as prop- 
agated through the de-reddening procedure, as well as the 
uncertainty associated with the intrinsic width of the P-L 
relation, i.e. a given Cepheid may not be on the mean 
ridge-line of the P-L relation. The de-reddening pro- 
cedure amplifies the measuring errors. Therefore many 
Cepheids are needed to beat down these large errors (no- 
tice the very large values in column 10) in any final value 
of the modulus. The values shown in column 10 of Table 4 
were calculated using equations 9, 10 and 1 1 of Paper V, 
and correspond to a^^f as defined in Paper V. However, 
note that equation (1 1) in Paper V should be : 



cr, 



width 



{R'v - if ■ pI + R'v 



Our records show that while this equation was given in- 
correctly in Paper V, the calculations were done with the 
correct relation. 

Various arithmetics done on the Ut values in column 
9 of Table | give the first indication of the true mod- 
ulus. Consider first all Cepheids of all quality indices, 
but excluding Cl-13 and C3-V15 because of their ex- 
treme values of Ut- The 66 Cepheids in this sample give 
([/j.) = 29.90 ± 0.08 (the error estimate is based on the 
adopted rms of a single Cepheid of 0^646). Restricting 
the sample to only those Cepheids with good to excellent 
data defined by a quality index of 4 or higher gives a sub- 
sample of 41 Cepheids for which ([/t) = 30.09 ± 0.085 
(error based on an rms of 0^"535). Note that the 3-sigma 
upper and lower limits on the true modulus from this arith- 
metic are 30.34 and 29.83. These are therefore very strong 
upper and lower limits on the true distance modulus of 
NGC 3627. 

These are the best values we can derive without making 
cuts in the data according to period, QI, and/or color that 
would select the bluest and least reddened, and that would 
be least affected by selection bias at the low-period end. 
We consider now such subsamples, first using cuts in pe- 
riod and QI, but not yet in color which follows in the next 
section. 

A plot of Ut vs. period (not shown) reveals a trend that 
objects with the shortest periods yield smaller Ut mod- 
uli. This result has been seen by us in the previously ana- 
lyzed galaxies, and by other investigators analyzing sim- 
ilar data in yet other galaxies. It is due t o a combi nation 
of selection bias at the short-period end ( Sandage| 1988) 
as well as non-symmetrical observational bias in measur- 
ing colors near the faint limit, skewing Ut via the color 
effect in equation (5). We note that this trend disappears 
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once periods are restricted to longer than 25 days. We 
also note that the variation of Ut with Quality Index is 
not as acute for these data as we have seen in previous 
cases. A likely reason is that / magnitudes were obtained 
at five epochs, while in all except one of our previous pa- 
pers fewer epochs were available. At any rate there is no 
compelling trend in Ut once the sample is restricted to 
objects with QI > 3. 

Using the sample of 27 Cepheids that have periods > 25 
days but shorter than the baseline of 58 days, and that 
have QI > 3, and weighting the individual Ut values by 
(1/rms)^, gives the mean de-reddened modulus of (m — 
M)o = 30.04 lb 0.12. If we make more restrictive cuts 
by accepting only objects with QI > 4, and then > 5, and 
then 6, (with the same period cuts as above), we obtain re- 
spectively weighted mean "true" moduli of 29.99 ± 0.13, 
30.10 ± 0.15, and 30.07 ± 0.18. This shows the general 
stability of the result. For the unweighted average of the 
27 Cepheids we obtain (m - M)o = 30.10 ± 0.14. Due 
to the fact that the P-L relations in V and / have non- 
negligible width at a constant period, a Cepheid that is 
intrinsically redder and fainter will, on the average, carry 
larger measuring errors. This can contribute to systemat- 
ically underestimating the distance when individual Ut^ 
are weighted as above. The unweighted solution is there- 
fore preferred, since the uncertainties are similar. 

We note again that the Ut values so derived depend on 
the assumption that the differences between Uy and Uj 
are due to reddening alone, in the absence of apprecia- 
ble systematic and correlated measuring errors, or when 
the errors for Uy — Uj are distributed symmetrically. If 
equation (5) is used for Cepheids where correlated and/or 
asymmetrical errors in V and I dominate over differential 
reddening, thereby producing a ratio of the V-to-I errors 
that is different from 2.43, the Ut derived via equation (5) 
will be in error. 

In particular, several Cepheids which were discovered 
in V are too faint in / to be measured, as already men- 
tioned. This introduces a selection effect that biases 
against Cepheids with bluer colors. The effect is most 
pronounced at short periods where the intrinsic colors 
are bluest. This effect gives an asymmetrical distribution 
of errors in Uy — Uj in the sense that it makes the de- 
reddened modulus too small. 

In Paper V we devised a method to test for the presence 
of differential extinction or for the fact that the scatter 
about the P-L relation is due predominantly to measuring 
errors, or a combination of both. The method, shown in 
Fig. 1 1 of Paper V for NGC 4536 and explained in the Ap- 
pendix there, was used in Paper VI for NGC 4496A (Fig. 9 
there) and in Paper VIII for NGC 4639 (Fig. 7 there). The 
method is to plot the difference in the appaienty and / 
moduli for any given Cepheid as ordinate against the ap- 
parent V modulus as abscissa. If there is a systematic 
trend of the data along a line of slope dUy /d{Uy — Ui) = 



2.43, then equation (5) applies and there is clearly differ- 
ential reddening. If, on the other hand, there is a general 
scatter with no trend, that scatter is dominated by mea- 
suring errors. While in the latter case true differential ex- 
tinction can be hidden by measuring errors, trying to cor- 
rect for putative reddening will result in interpreting any 
asymmetry in the error distribution as specious extinction. 
In two of the three previous cases, NGC 4536 (Paper V), 
and NGC 4496A (Paper VI) there is no trend along a dif- 
ferential reddening line. In the third case of NGC 4639 
(Paper VIII), there is a slight trend but also large scatter 
showing that the spread of points appears to be due to a 
mixture of measurement errors as well as from differen- 
tial extinction. 

The diagnostic diagram just described is shown for the 
NGC 3627 data from Table | in Fig. 0. The filled circles 
show Cepheids with periods between 25 and 58 days. The 
solid line indicates the reddening vector for the P-L ridge 
line, if the true (de-reddened) distance modulus is 30.05 
which is close to the mean derived earlier in this section. 
The dashed lines show the bounds due to the intrinsic dis- 
persion of the P-L relation as explained in Paper V. The 
slope of the lines is Ay /E{V — I) = 2.43 as before. 

There is only marginal evidence from Fig. ^ for a gen- 
eral trend along the solid line. The spread of points clearly 
spills outside these bounds, indicating that a very signifi- 
cant fraction of the scatter is due to measuring errors and 
related biasses. If such errors are distributed symmetri- 
cally, equation (5) will yield the correct answer, but if 
there are correlated errors in V and /, or if there are selec- 
tion effects that depend on color, using equation (5) will 
introduce errors. Note that the scatter of points is skewed 
along a direction orthogonal to the reddening vector: the 
lower right side appears to be more sparsely filled, indicat- 
ing a possible selection effect. A more detailed inspection 
of the spread in Fig. shows that the largest scatter occurs 
in the reddest Cepheids, using the {{V) — (I)) colors com- 
puted from columns (3) and (5) of Table ^ This implies 
that the reddest Cepheids are so more because of skewed 
measurement errors than due to bona-fide reddening. This 
is not to deny the presence of differential reddening, but an 
acknowledgement that equation (5) alone is not adequate 
for obtaining a bias free result. We proceed by making an 
additional restriction of the data by color. Note that such a 
restriction used in conjunction with equation (5) does not 
introduce a procedural bias in the distance modulus. 

4.2.2. The Distance Modulus By Restricting The Data By 

Color 

A plot (not shown) of the color-period relation from the 
data in Table ^ shows a distinctive separation into two ma- 
jor color groups, one close to the intrinsic {{V)^ — 
period relation known for unreddened Cepheids in the 
Galaxy, L MC, and SMC as summarized in Sandage, Bell, 
& Tripicco (1999) from data by Dean, Warren, & Cousins 
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(1978), [Caldwell & Coulson| (1985), and |Femi^ (1990). 
The other group of Cepheids with {{V) — {!)) colors 
larger than 1. 15 are far removed from the intrinsic domain 
in the color-period plot. They are also the Cepheids that 
show the largest deviation faintward in the P-L relations of 
Fig. |6[ Excluding these as the Cepheids with the largest 
reddening leaves a subsample of 29 Cepheids (the blue 
group) with QI > 3, and with 1.15 < logP < 1.76. 
We also have excluded C1-V13 because it is obviously 
an outlier. CI -VI, although blue, is excluded because its 
proposed period of 75 days is outside the baseline of 58 
days. 

Figure |8| shows again that differential reddening is not 
the major factor in the scatter of the P-L relation, where 
Uv is plotted vs. [// for the 29 blue Cepheids of the sub- 
sample. 

There is a clear correlation of Uy and Uj, but the slope 
is not Av/Aj = 1.7 as required if the Cepheids below 
the ridge lines of Fig. ^ were fainter because of a larger 
differential extinction. Rather, the slope near 1 in Fig. ^ 
can only be due to correlated measuring errors as we sus- 
pected in the last section. Of course, a part of the correla- 
tion must also be due to reddening, if for no other reason 
than the obvious dust pattern in Fig. [T] and ^. 

Figure ^ shows the P-L relations for the subset of the 
29 bluest Cepheids. The scatter is markedly reduced from 
that in Fig. ^, showing that the color cut has produced a 
subset with the smallest extinction and/or measuring error. 

We use the Uy and Ui apparent moduli in Table ^ cal- 
culated from equations (3) and (4) of § 4.2.1, and calcu- 
late mean values (Uv) and {Ui) using the 29 Cepheids 
of this subset. Assuming that the measuring errors for 
this sample are random and that they cancel in the mean 
permits the premise that the difference in the mean ap- 
parent moduli in the V and / passbands is now due to 
reddening. Multiplying the mean modulus difference by 
Av/E{y - I) = 2.43 then gives Ay, which when sub- 
tracted from (Uv) gives the true modulus. This, of course, 
is what equation (5) does automatically, hence we need 
only analyze the Ut values in Table ^ for the 29 Cepheid 
subsample. 

The weighted mean {Ut)w for the subset of 29 
Cepheids gives (Ut) = 30.12 ± 0.11. The individual 



Ut values are plotted vs. log P in Fig. |10[ As noted in the 
last section and seen in Fig. 10, there is a tendency for the 
shortest period Cepheids to have the smallest individual 
moduli. Making the period cut at logP > 1.25 removes 
the tendency and gives 



{Ut)w = 30.17 ±0.12 



(6) 



as the weighted mean from the 25 Cepheids with 1.25 < 
log P < 1.78, which we adopt. The unweighted mean is 
(Ut) = 30.24 ± 0.09. 

Justification for our restriction to the subsample of 25 
Cepheids is given in Fig. ^ which is the diagnostic dia- 



gram of Fig. but using only this subsample. Plotted are 
again the individual apparent moduli Uy vs. the differ- 
ence between the individual V and / apparent moduli. 

Figure |n| is much cleaner than Fig. ^ and the data 
points now scatter nearly symmetrically about the differ- 
ential reddening line. 

Applying, as in previous papers of this series, the cor- 
rection for the "long" vs. "short" exposure effect of 0™05 
to equation (6), the de-reddened modulus of NGC 3627 is 



(m-M)o = 30.22 ±0.12 



(7) 



which we adopt. 



5. THE ABSOLUTE MAGNITUDE AT MAXIMUM OF SN 1989B 
ADDED TO PREVIOUS CALIBRATORS; THE PRESENT 
STATUS OF THE CALIBRATION 

The light curves in the J/BV/?/ passbands of SN 1989B 
are well determined near maximum light, giving i?max = 
12.34 ± 0.05, and Vmax = 11-99 ± 0.05 ( |Wells et al. 
1994). These authors have also determined the redden- 
ing of SN 1989B itself to be E{B - V) = 0.37 ± 0.03. 
Hence, the de-reddened magnitudes at maximum light are 
B^^^ = 10.86 ± 0.13 and V^.^^ = 10.88 ± 0.10. The 
absolute magnitudes at maximum for SN 1989B are 



and 



M^(max) = -19.36 ± 0.18 



M{^(max) = -19.34 ± 0.16 



(8) 



(9) 



based on equation (7) and on the Cepheid zero points of 
equations (1) and (2). 

These values are combined in Table |5| with our previous 
calibrations of the six SNe la from Papers I-VII of this 
series. In addition, two new values are included from data 



for SN 1974G in NGC 4414 ( [rurner et al.| 1998; iSchaefer 
1998), and SN 1998bu in NGC 3368 (M 96) whose dis- 



tance modulus is by [Tanvir et al. (1995) with photometry 
of the SN reported by [Suntzeff etall (1998). All Cepheid 
distances from the WFPC2 are corrected by 0^"05 for the 
short vs. long exposure photometric zeropoint difference 
dStetsonl 1995; |S aha et~aLl 1996a). 

Neglecting the listed Mb of SN 1895B, which is the 
most uncertain of the group, and because it is not ab- 
solutely certain whether it was spectroscopically normal 
at all phases, gives the straight mean values of (Mb) = 
-19.49 ± 0.03 and (My) = -19.49 ± 0.03. We adopt 
the weighted means, giving the mean calibration without 
any second parameter connections for decay rate (see § 7) 
as 

(MB(max)) = -19.49 ± 0.07 , (10) 



and 



(My (max)) 



-19.48 ±0.07 



(11) 



on the Cepheid distance scale of equations (1) and (2). In- 
clusion of SN 1895B would give (Mb) = -19.54 ± 0.06 
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for the straight mean and {Mb) = -19.52 ± 0.07 for the 
weighted mean. 

We have been criticized for using calibrators such as 
SN 1960F and SN 1974G, for which the photometry is 
more uncertain than others. We should point out that the 
net worth is not just the uncertainty in the photometry 
of the supernova, but the combined uncertainty with that 
of the Cepheid distance determination. Given the range 
of uncertainties in the Cepheid distance determinations 
(which depend on distance/faintness, crowding, etc), even 
photometric uncertainties considerably worse than for 
SN 1960F can be tolerated if the Cepheid determinations 
are as good as they are for its host galaxy NGC 4496A. 
In addition, we weight the contribution of individual cali- 
brators by the inverse variance from the combined uncer- 
tainty of distance and supernova photometry, a procedure 
consistent with Bayesian inference. Thus even bona-fide 
'poor' cases like SN 1974G (which has also a relatively 
poor Cepheid distance to its host galaxy NGC 4414), en- 
ter only with appropriately lowered weight. 

Equations (10) and (11), based now on eight calibrators 
(neglecting SN 189 5B), are sim ilar to equations (12) and 
(13) of Paper VIII ( |Saha et al.| 1997) based there on six 
calibrators (again neglecting SN 1895B). Equation (10) 
here is 0™03 fainter than in Paper VIII. Equation (1 1) here 
is identical with that of Paper VIII. Because of the similar- 
ity of the equations (10) and (11) here with equations (12) 
and (13) in Paper VIII, the interim value of the Hubble 
constant, sans decay-rate corrections, for this stage of our 
HST experiment is nearly identical with the values set 
out in Table 7 of Paper VIII. The means of all values in 
that table, depending on how the SNe la Hubble diagram 
is divided between spirals observed before and after 1985, 
and/or with redshifts larger or smaller than log V220 = 3.8, 
and using equation (10) here rather than equation (12) of 
Paper VIII, are then 



(i?o(^)> = 58±2 (internal) km s"^ Mpc'^ (12) 



and 



{Hq{V)) = b9±2 (internal) km Mpc~^ (13) 

6. THE HUBBLE DIAGRAM OF SNE I A AND THE VALUE OF 
Ho IF SECOND PARAMETER CORRECTIONS ARE MADE 

The Hubble diagram for blue SNe la with (i?max — 
^max) < 0.20 , based on many sources, historical as well 
as modern, was given in Paper VIII ( Saha et al. 1997, 
Fig. 



10). When calibrated with the SNe absolute mag- 
nitudes, this diagram gives the Hubble constant directly. 
The details of the sample are being published in a paper 
by Parodi et al. (1999), and we make use of these data 



in this section to calibrate again correlations of absolute 
magnitudes of SNe la with the often adopted second pa- 
rameters of decay rate of the light curve, color of the SNe 
at maximum, and galaxy type. 



The precept adopted in the early papers of this series 
was that by restricting both our calibrator SNe la and 
the Hubble diagram of SNe la to "Branch normal" events 



(Branch, Fisher, & Nugent 1993), we have selected a ho- 



mogeneous sample of SNe la for which any systematic 
variation of absolute magnitude among the sample will 
be sm all enough to be neglect ed to first order at the 10% 
level dCadonau eralj 1985 ; >:.eibundgut et al] 1991b; 



Sandage & Tammann 1993; lammann & Sandage 1995) 



In the meantime, thanks to the observational program of 



the Calan/Tololo Chilean consortium ( Hamuy et al. 1995; 
1996a, b) and the theoretical insights of variations in the 
pre-explosion conditions of the progenitors (cf. von Hip- 
pel et al. 1997, |Hoflich| 1998, [Nadyozhii^ 1998 for sum- 
maries), it has become clear that there is in fact a con- 
tinuous variation of SNe la properties, including absolute 
magnitude, that can be detected from observed second- 
parameter properties and which can now be accounted for 
even at this < 10% level. 

The most apparent of these second parameters is the 
change in the shape of the light curve, quantified by the 
rate of decay from maxi mum light (Rust 1974; de Vau- 
coul eurs & Pence 1976; |Pskovskii| 1977, 1984; Phillips 



et al. 1987; [Barbon et al.| 19 90; pranch, & Taminami 
1992; Hamuy et al. 1996a, b). |Phillips| (1993) derived a 
very steep relation between decay rate and absolute mag- 
nitude using distances determined by a variety of methods 
and including also very red SNe la. A much flatter depen- 
dence was found by [Tammann & Sandage (1995) for blue 
SNe la using more reliable relative distances from reces- 
sion velocities. The flatter slope was confirmed for only 
the blue SNe la by the subsequent extensive Calan/Tololo 



data (Hamuy et al. 1996a, b; |Saha et al.| 1997). 

A detailed discussion of the second order corrections to 
the SNe la distance scale depending on second and third 
parameter correlations is the subject of the accompany- 



ing paper by Parodi et al. (1999) where it is shown that 
besides the decay rate, color at maximum is also a princi- 
pal second parameter, confirming a similar result by [Tripp 
(1998). 

The Parodi et al. paper lists relative kinematic absolute 
magnitudes as if the local Hubble redshift-to-distance ra- 
tio is the same for redshifts smaller than 10, 000 km 
as for the remote HQfox v > 10, 00 km s~^, neglecting 
the evidence set out in Paper VIII ( Saha et al. 1997, § 8; 
cf. also Zehavi et al. 1998) that the local value may be 
5% to 10% larger than the global value. 

This possible change of the Hubble ratio outward, 
decreasing with distance by < 10% for v out to 
10, 000 km s^^, is also consiste nt with other externa l data 
on first ranked cluster galaxies ( Lauer & Postman 1994; 
[Tammann 1998a). The suggestion is also consistent with 
the derived shallow slope of dlogv/dm = 0.192 of the 
local {v < 10, 000 km s"^) Hubble dia gram by Parodi et 
al. (1999, their eqs. 7 and 8) rather than 0.200 required if 
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Hq did not vary with distance. 

In the analysis of this section we consider the conse- 
quences of a variable Hq decreasing outward, that is re- 
quired to give a slope of 0.192 to the Hubble diagram lo- 
cally, and then carry again the analysis of the second pa- 
rameter effects of decay rate, color, and galaxy type using 
the derived kinematic absolute magnitudes. 

6.1. Kinematic Absolute Magnitudes Using a Variable 
Hubble Constant with Local Distance for 
V < 10,000 km 

We accept the premise that the slope of the Hubble di- 
agram for redshifts smaller than 10, 000 km is 0.192 
( Parodi et al. 1999). If we adopt an arbitrary global 
(remote field) value of Hq = 55 (to be adjusted later 
by our calibrators in Table ^), then, by an obvious cal- 
culation, the variation of Hq in the distance interval of 
1000 < V < 10, 000 is well approximated (within 1%) by 



Hq{v) 



-5.39 log?; + 76.50. 



(14) 



1000 km s-^ and Hq 



This gives Hq = 60.3 at v 
54.9 atv = 10,000km 5"^ 

Equation (14) has been used to recalculate the absolute 
magnitudes of all SNe la in the fiducial sample in Table 1 
of iParodi et al] (1999) for which \ogv < 4.00. Ho = 55 
has been assumed for logv > 4.00. The results are set 
out in Table ^ which is divided into three parts according 
to Hubble type to better understand the type dependence 
of th e Hubble diagram seen in Fig. 10 of Paper VIII ( Saha 
et al. 1997). The first section of Table g lists the SNe in 
late type spirals (T of 3 and greater, meaning Sb to Im 
types). The second section for T = 1 and 2 are for Sa and 
Sab parent galaxies. The third section lists parent galaxy 
T types of and smaller (E and SO). 
Columns ( 1) through (6) repeat data from Table 1 of 
irodi et al. (1999) with magnitudes at the respective 
maxima denoted by Bq, Vq, and Iq. The redshifts in 
column (3) are corrected for peculiar motions. For v < 
3000 km the redshifts, reduced to the frame of the 



-1 
1 



centroid of the Local Group ( |Yahil, Tammann, & Sandage 
1977), were then con^ected again to the frame of the Virgo 
cluster using the self-consistent Virgocentric infall model 
with the local infall vector (actually retarded expansion 
of the Local Group relative to Virgo) of 220 km s 
( Kraan-Korteweg 1986a, b). For v > 3000 km s 
an additional correction of 630 km relative to the 
CM B frame due to the CMB dipole anisotropy (B oughn 
et al. 1981; Wilkinson 1984) was applied according to 
the model of Tammann & Sandage (1985, their Fig. 2). 
For more distan t galaxies we have adopted the corrected 
velocities from Hamuy et al. (1996a). The sources for 
the photometry in columns (4) to (6) are listed in Parodi 
et al. (1999). The magnitudes are corrected for Galactic 
absorption ( Burstein & Heile^ 1984). 



Column (7) is the adopted local value of Hq calculated 
from equation (14) for logv < 4.00, and using Hq = 55 
for larger redshifts. The resulting distance moduli are in 
column (8). The corresponding absolute magnitudes are 
in columns (9) to (11). The decay rates Ami^{B) in 



column (12) are from the sources listed by [Parodi et al 
(1999). 

The data for the eight calibrators in Table except for 
the observed apparent magnitudes, are not shown in Ta- 
ble ^ because their absolute distance moduli are on the 
Cepheid system, not based on redshifts. 

The means of columns (9) to (1 1) for the absolute mag- 
nitudes in B, V, and / are shown at the foot of each of 
the three sections of Table |^ The systematic progression, 
becoming fainter for the earlier galaxy types, is evident 
and is significant at the 2-sigma level. It is this difference 
that causes the separation of the ridge lines in the Hubble 
di agram of sp irals and E and SO galaxies seen in Fig. 10 
of IS aha et alj (1997). 

However, this is not a type dependence per se. Note in 
column 12 that the mean decay rates, shown at the foot 
of each section, differ significantly between the three sec- 
tions of Table ^. The decay rates are much longer for the 
E to SO types, averaging (Ami5(i?)) = 1.44 ± 0.04 for 
these early Hubble types, compared with {Ami^{B)) = 
1.03 ± 0.03 for the spirals in the first section of Table ^ 

Because the decay rate itself is correlated with abso- 
lute magnitude (next section), the apparent dependence 
of (M(max)) on Hubble type is in fact due to the decay 
rate correlation. This, of course, is a clue as to differ- 
ences in the progenitor mass of the pre-SNe la as a func- 
tion of Hubble type, and goes to the heart of the physics 



of the phenomenon (eg. |Nadyozhin| 1998). In any case, 
the apparent correlation of (M) with Hubble type disap- 
pears when the decay rate corrections of the next section 
are applied. 

Said differently, the apparent dependence of mean ab- 
solute magnitude with Hubble type is due to the difference 
in mean decay rate between early type galaxies (E to SO 
types) and late type spirals (the first section of Table ^, 
together with the dependence of decay rate on absolute 
magnitude at maximum (Fig. 12 in the next section). 



6.2. The Decay Rate Dependence 
The absolute magnitudes in columns (9) to (11) of Ta- 



ble |6| are plotted in Fig. 12. It is clear that there is a re- 
l ation of decay rate with (kinematic) absolute magnitude 
dPhillipsI 1993), but that the relation is strongly non-linear. 
There is a clear plateau between abscissa values of decay 
rates that are greater and smaller than 1.0 to 1.5. In this 
plateau region, the absolute magnitude is nearly indepen- 
dent of the decay rate. 

Figure [T^ shows the correlations of columns (9), (10), 
and (11) (of Table 6) with the decay rate in column (12). 
The correlation with absolute magnitude for small and for 
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large Ami5(i?) is obvious. Nevertheless, the correlation 
is clearly non-linear. There is a central region (1.0 < 
Am,i5(B) < 1.5) where the correlation is weak. This 
is the core of the "Branch normal" majority of SNe la, 
comprising 95% of the observed SNe la (only 1 in 20 of 
the local SNe la discoveries are "Branch abnormal"; see 



yy = 0.596x - 
yi = 0.360X 



2Ablx^ + 4.493x^ , (16) 
- 2.246x2 + 4.764a;^ . (17) 



Branch, Fisher, & Nugent] 1993). It is only when the few 
known abnormal SNe la are added to the "Branch nor- 
mal", i.e. blue SNe la, that they show a wide variation in 
luminosity. 

Consider now the apparent corr elation of (M max) with 
Hubble type, shown in Fig. 10 of Saha et al. (1997, Pa- 
per VIII). It is of central physical interest how the Hub- 
ble type of the parent galaxy can produce slow-decay rate 
SNe la in E galaxies, and faster-decay rate SNe la in later- 
type galaxies. One supposes that the mass of the pre- 
SNe la stars must be a function of chemical evolution in 
any given parent galaxy, causing the change in the charac- 
ter of the SNe la explosion with Hubble type dNadyoztiin 
1998). Nevertheless, this is an astrophysical problem, not 
an astronomical problem of how to use the data to deter- 
mine reliable distances. It suffices here to note that the 
type dependence on (Afmax) disappears when the correc- 
tion, now described for decay rate (Fig. 12), is applied. 

The correlation of decay rate /!\mi^{B) with absolute 
magnitudes in B, V, and I in Fig. [T^ is striking, con- 
firming Pskovskii's (1977, 1984) initial suggestions. But 
again, the correlations are much less steep than suggested 
by Phillips] (1993) and by Hamuy et al. (1996b, their 
Fig. 2), especially in the region of the "Branch normal" 
SNe la with 0.95 < Ami5(S) < 1.3 where there is no 
strong correlation. 

Hamuy et al. (1994a) distinguish between the slope of 
the decay-rate correlation with Af (max) obtained from 
using TF, PN and SBF dis tances to nearby SNe la (as 
originally done by Phillips 1993), versus that from us- 
ing relative distances from redshifts at intermediate dis- 
tances. The latter sample gives a shallower slope than that 
of Phillips. By restricting to a Branch normal sample, the 
slope is further reduced. 

In Fig. |l^ we have fitted cubic polynomials to the 
data contained in Table ^ for the correlations of absolute 
magnitudes in B, V, and / in columns (9) to (11) with 
Am{B)i^ in column (12). Denote the correction to Mj 
for decay rate by y^, such that the "corrected" absolute 
magnitude, reduced to Ami^{B) = 1.1, is defined by 

= M,(Table|)-yi. 

The correlations in Fig. |l2[ based on the decay-rate data 
and absolute magnitude data in Table ^ give the following 
cubic corrections for decay rate vs. absolute magnitude in 
B, V, and /. The lines drawn in Fig. [l^ are calculated 
from these equations. We reduce all data to Ami5(i?) = 
1.1, and therefore define x = Ami5(B) — 1.1. 



Note that these polynomials are not well constrained out- 
side the range of Am(S)i5 spanned by the SNe la in this 
sample. In particular, the upturn for very slow declining 
SNe la is uncertain. However, the cubic characterization 
given here is adequate for the present arguments and cal- 
culations: it is not used in a region where it is ill con- 
strained. 

The corrections for decay rate, y^, from equations (15) 
to (17), have been applied to columns (9) to (1 1) of Table ^ 
to obtain absolute magnitudes freed from the Am(S)i5 
parameter effect. The arithmetic is not shown but the 
mean corrected magnitudes (M/^), still binned into the 
three morphological groups of Table ^ are listed in the 
first four lines of Table ^ The corresponding mean mag- 
nitudes {M]^) and {My) of the eight calibrators from Ta- 
ble H are shown in the last line. No mean value (Mj^)row 
is shown in the last line because too few calibrators have 

known /max- 

Table ^ permits two conclusions: 

(1) The type dependence shown in Fig. 10 of Paper VIII 
between E galaxies and spirals has now disappeared to 
within one sigma differences after the Am-is corrections 
are applied. 

(2) Comparing the [M^) and {M^) values in the 
fourth line (the total sample) with the corrected values of 
the calibrators in the fifth Une shows the statistical dif- 
ference of 0^14 ± 0^058 in B and 0^15 ± a°076 in V 
between the fiducial sample and the Table |5| calibrators. 
Because the absolute magnitudes of the fiducial sample 
are based on Hq = 55, these data, corrected for decay 
rate, give 



ifo(5)( decay rate) = 58.8 ±2 km s"^ Mpc"^ (18) 



and 



Hq{V){ decay rate) = 59.1 ±2 km s"^ Mpc"^ . (19) 



It is shown in [Parodi et al.] (1999), that the effect of the 
decline rate correction taken alone, is to increase Hq by 
7%. This correction depends on the extent to which the 
decline rate distribution is different for the calibrating and 
distant samples of SNe la. 

6.3. The Color Dependence 



VB = 0.693X - lAAOx^ + 3.045x^ 



(15) 



Figure [13] shows that there is still a dependence of the 
corrected M/^ magnitudes on color that is not removed 
by the Amis corrections, contrary to the removal of the 
dependence on Hubble type. The symbols are the same as 
in Fig. ]T1. 
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The ordinates are the kinematic {Hq = 55) absolute 
magnitudes, M/^, based on variable local values of Hq 
and the decay rate corrections from the last subsection. 
The abscissa is the observed {Bq — Vq) color that can be 
derived from columns (4) and (5) of Table ^. 

The equations for the least squares solutions for the 
lines are 

M^^ = 1.712 • [Bq - Vq) - 19.648 , (20) 
0.587 • (Bo - Vo) - 19.562 , (21) 



and 



M 



15 



-0.216 • (Bn - Vr 



^0) 



19.312. 



(22) 



Figure is the same as Fig. |T3|but with (Vq — /q) col- 
ors derived from columns (10) and (11) of Table ^. The 
least squares solutions for the Unes are 

= 0.257 • {Vq - Iq) - 19.540 , (23) 



15 



and 



-0.260 • {Vo - lo) - 19.621 



-1.115 -(Fo-Io 



19.607. 



(24) 



(25) 



The immediate consequence of equations (20) to (25) 
is that these color dependencies are not due to reddening 
and absorption because the slope coefficients in B and V, 
nor their ratios, conform to the canonical normal interstel- 
lar values of Ab/E{B -V) = A, Av/E{B - y) = 3, 
and Ai/E{B - V) = 1.76, and Ab/E{V - I) = 3.2 
Av/E{V-I) = 2.4, and Aj/E{V-I) = 1.4 dSchefflei 
1982). If, for example, the variation of absolute magni- 
tude with color index from SN to SN were due entirely 
to absorption and reddening, then the slope coefficients in 
the correlations of Fig. 13, (Eqs. 20 to 22) would have to 
be dMB/E{B - V) = A, dMv/E{B - V) = 3, and 
dMi/E{B -V) = 1.76, based on Av/Aj = 1.7. Not 
only are the coefficients for B and V in equations (20) and 
(21) very different from these requirements for reddening, 
but even the sign of the variation in / with {B — V) is neg- 
ative. This is impossible if the cause is internal reddening 
with its corresponding dimming. 

The situation is even more decisive from equations (23) 
to (25) using {V - I) colors in Fig. [Ig From E (V-I)/E(B- 
V) = 1.25 (Eq. 1 of pean. Warren, & Cous"ins| 1978), the 
predictions aredMB/E{V-I) = 3.2, dMv/E{V-I) = 
2.4, and dMi/E{V - I) = 1.41. These are not only far 
different from the coefficients in equations (23) to (25), 
but again the sense of the observed correlation in equa- 
tions (24) and (25) belies a reddening/extinction explana- 
tion. Brighter magnitudes for redder colors are not possi- 
ble for any known reddening and absorption law. 

The conclusion is that the correlations in Figs, [ij and 
14 are due to intrinsic properties internal to the physics of 
the SNe themselves rather than to reddening and absorp- 
tion. Hence, any corrections to the absolute magnitudes 



based solely on assumed absorption-to-reddening ratios 
for normal extinction are most likely to be incorrect. 



Nevertheless, the correlations in Figs. [13| and [14] are def- 
inite, and can be used to further reduce the absolute mag- 
nitudes to some fiducial value of observed color. We thus 
reduce to a fiducial color of {Bq — Vq) = 0.00 as a sec- 
ond parameter, in add ition to the decay-rate parameter, in 
agreement with Tripp (1998). 

Our approa ch is different in principle from that of 
Phillips et al. (1999), where they assert that the color 
range at given decline rate is due to reddening, and pro- 
ceed accordingly. Our conclusion from the above analysis 
is that for our sample of SNe la, with (i?max — ^max) < 
0.20, the color spread at given decline rate is intrinsic in 
nature, since correlation of the peak brightness with the 
residual color for this sample is different from what is ex- 
pected from reddening. 

Applying the color-term corrections of equations (20) 
and (21) to the Mb and My magnitudes of Table ^, and 
taking the mean values over the complete sample of 34 
SNe la in Table ^ where the decay rates are known, gives 



{M^°'') = {M^' + color term) = -19.64 ± 0.026 , 



and 



(26) 



{M^°'') = {M{P + color term) = -19.61 ± 0.026 . 

(27) 

These magnitudes are calculated with variable Hq follow- 
ing the precepts of §6.1 and reduced to Amis = 1-1 and 

{Bq - Vq) = 0.00. 

For the calibrators in Table S one finds in analogy 



{M]^°'') = -19.45 ± 0.060 , 



and 



-19.44 ±0.079, 



(28) 



(29) 



Comparison of equations (28) and (29) with equations 
(26) and (27) shows that the Hq = 55 assumption must be 
changed to accommodate the differences of 0?^19 ± 0?^08 
in B and 0?^17±0^^09 in V. They require the global value 
of Hq, now fully corrected for the three effects of (1) the 
change of Hq outward, (2) the light curve decay rate, and 
(3) the color variation with M(max), to be 



and 



Ho{B) = 60.2 ± 2 km s"^ Mpc 



Ho{V) = 59.6 ± 2 km Mpc" 



-1 



(30) 



(31) 



These values are only 2% higher than equations (18) and 
(19) which use only the decay -rate connection, and 1% 
to 4% higher than equations (12) and (13) which are 
weighted towards SNe la in spirals. 

Other authors have adopted (M(max)) values that dif- 
fer from those in equations (10) and (11) for the calibra- 
tor absolute magnitudes. For example, Kennicutt, Mould, 
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& Freedman (1998), and preedmari (1999) have discarded 
several of our calibrators, and added two that are not based 
on direct Cepheid distances to the host galaxy. They have 
consequently derived a fainter mean absolute B magni- 
tude than in equation (10). Specifically, they assume 
that the distances of the early-type galaxies NGC 1316 
and NGC 1380 in the Fornax cluster, parent galaxies to 
SN 1980N and SN 1992A, are identical with that of the 
spiral NGC 13 65 for which there is a Cepheid distance. 
Suntzeff et al. (1998) have also considered the question- 
able SN 1980 and SN 1992A as possible calibrators. 

However, there are reasons to suspect that NGC 1365 
is in the foreground of the Fornax cluster (Sandage, Tam- 
mann, & Saha 1999), and therefore that the precept of the 



fainter calibration used by Kennicutt, Mould, & Freedman 
(1998), calibrating the two Fornax S Ne la via NG C 1365, 
is not correct. The evidence is that IWells et alJ (1994) 



have demonstrated that the multi-color light curves of 
SN 1989B in NGC 3627 and SN 1980N in NGC 1316 
are virtually identical, and in fact establish the reddening 
and extinction to SN 1989B by comparing the magnitude 
shifts in different passbands relative to SN 1980N. As- 
serting then that SN 1980N has the same peak brightness 
as SN 1989B yields the d istance modulus difference of 
1°'62 ± O^'OS dwells et al.| 1994). There is additional un- 
certainty of ±0.17 to allow for scatter in the difference in 
peak brightness of two SNe la with the same decline rate. 
With our modulus of (m - M)o = 30.22 ± 0.12 (Eq. 7) 
for SN 1989B, the derived modulus of NGC 1316, host to 
SN 1980N, is 31.84 ± 0.21. This is 0^5 more distant than 



the Cepheid distance of NGC 1365 ( |Madore et al.| 1998), 
but is close to the value found for the early-type galax- 
ies of the Fornax cluster by independent methods (Tam- 
mann 1998b). In a ny case the implication of K ennicutt, 
Mould, & Freedman ( 1 99 8) and preedman| ( 1 999) that the 
two SNe la 1989B and 1980N differ by 0^5 in luminosity, 
which is based on the unproved assertion that NGC 1365 
and NGC 1316 are at the same distance, is not credible. 

The further consequence of the precept of equating the 
Cepheid distance of NGC 1365 to that of the unknown 
distance to NGC 1316 and NGC 1380 is that the decay- 
rate absolute magnitude relation which Freedman (1999) 
deduce using their faint absolute magnitudes of the two 
Fornax SNe la is steeper than that in Fig. 12 by an amount 
that compromises their conclusions concerning Hq, ex- 
plaining their abnormally high value of Hq f» 73. 

7. SUMMARY AND CONCLUSIONS 

(1) Comparison of 12 epoch HST frames in the 
F555W band and five epoch frames in the F814W band 
has isolated 68 definite Cepheid variables with periods be- 
tween 3 and 75 days in the dust-rich galaxy NGC 3627 
in the Leo Group. 

(2) The adopted true modulus of (m — M)q = 30.22 it 
0.12 that results from analysis of various subsamples of 



the data according to the degree of internal absorption, 
agrees well with the distance moduli of (m — M)q = 
30.3 7ifc0.16 for NGC 3368 (parent of SN 1998bu) (T anvir 
etal. 1995) and (m-M)o = 30.01 ±0.19 for NGC 3351 
( praham et al. 19 97), showing th at the extended Leo 
Group in fact exists ( Humason et al. 1956, Table XI). 

(3) Combining the NGC 3627 Cepheid modulus of 
( m - M)o = 30.22 with the photometry of W ells et 
al. (1994) for the daughter SN la SN 1989B (corrected 
for extinction) gives the absolute magnitudes in B and 
V at maximum light of Mb = -19.36 ± 0.18, and 
My = -19.34 ± 0.16 for SN 1989B as hsted in Table |. 

(4) Combining these absolute magnitudes with those 
for the previous six calibrators determined in previous pa- 
pers of this series, and with two additional calibrators re- 
cently available (SN 1974G in NGC 4414 and SN 1998bu 
in NGC 3369), gives a mean calibration (without second 
parameter corrections) of {Mb) = —19.49 ± 0.07 and 
(My) = -19.48 ± 0.07. 

(5) The absolute magnitudes M^ax of blue SNe la with 
{Bq — Vq) < 0.20 correlate with the light curve decay 
rate Amis. The correlation is approximated by a cubic 
equation which has a flat plateau at intermediate values of 
Amis. In addition, Mmax depends on the color (Bq — Vq). 
For the derivation of the dependence on these second pa- 
rameters, a slight decrease of Hq out to 10,000 km 

has been taken into account. Once corrections for these 
two second parameters are applied, no residual depen- 
dence of ilfmax on Hubble type is seen. 

(6) The calibrators have somewhat smaller mean values 
of Amis and bluer mean colors {Bq — Vq) than the distant 
SNe la defining the Hubble diagram. The application of 
second parameter corrections therefore tends to increase 
Hq, but the effect is less than 10%. 

(7) The overall value of the Hubble constant determined 
here from the current eight calibrators as applied to the 
distant SNe la with 1000 km s"^ < u < 30, 000 km s"^ 
is i^o = 60 ± 2 in both B and V (Eqs. 30 and 31). 

(8) The Hubble constant derived here rests on Cepheid 
distances whose zeropoint is set to an LMC modulus of 
18.50. If the latter is revised upwards by « 0™06 (Feder- 
spiel, Tammann, & Sandage 1998), the consequent value 
of the Hubble constant is 



i^o = 58± 2 km Mpc" 



(32) 
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Table 1 
Journal of Observations. 



Data Archive Designation 


HJD at Midexposure 


Filter 


Exposure time (s) 


U35I0101R + . 


..02R 


2450765.07048 


F555W 


4900 


U35I0103R + ., 


,.04R 


2450765.20105 


F8UW 


5000 


U35I1201R + ., 


..02R 


2450768.96875 


F555W 


4900 


U35I0201R + ., 


..02R 


2450773.53863 


F555W 


4900 


U35I0301R + ., 


..02R 


2450780.59626 


F555W 


4900 


U35I0401R + .. 


,.02R 


2450786.37739 


F555W 


4900 


U35I0403R + ., 


..04R 


2450786.51004 


F555W 


4900 


U35I0501R + ., 


,.02R 


2450791.28343 


F8UW 


5000 


U35I0601R + ., 


,.02R 


2450796.66105 


F555W 


4900 


U35I0701R + ., 


..02R 


2450801.23025 


F555W 


4900 


U35I0703R + .. 


,.04R 


2450801.36499 


FSUW 


5000 


U35I0801R + . 


,.02R 


2450804.39306 


F555W 


4900 


U35I0901R + ., 


..02R 


2450810.10888 


F555W 


4900 


U35I0903R + ., 


,.04R 


2450810.24084 


FSUW 


5000 


U35I01001R + 


...02R 


2450817.03382 


F555W 


4900 


U35I01101R + 


...02R 


2450823.88997 


F5551^ 


4900 


U35I01103R + 


...04R 


2450824.02262 


FSUW 


5000 
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Table 2 

Position of the Variable Stars on U35I0701R & 02R 



Variable ID 


X-position 


Y-position 


Variable ID 


X-position 


Y-position 


Cl-Vl 


94.3 


587.0 


C1-V2 


163.3 


608.5 


C1-V3 


168.3 


472.9 


C1-V4 


194.6 


309.8 


C1-V5 


266.6 


640.5 


C1-V6 


270.3 


389.2 


C1-V7 


274.8 


616.8 


C1-V8 


315.9 


342.7 


C1-V9 


439.6 


378.4 


Cl-VlO 


465.4 


302.0 


Cl-Vll 


517.8 


779.0 


C1-V12 


584.0 


272.9 


C1-V13 


697.6 


361.4 


C1-V14 


718.9 


211.4 


C2-V1 


89.1 


381.8 


C2-V2 


90.9 


708.2 


C2-V3 


108.7 


162.3 


C2-V4 


123.5 


193.0 


C2-V5 


131.8 


301.5 


C2-V6 


142.9 


535.1 


C2-V7 


145.0 


164.4 


C2-V8 


170.3 


302.2 


C2-V9 


171.1 


777.3 


C2-V10 


173.7 


203.1 


C2-V1I 


190.9 


469.8 


C2-V12 


194.3 


238.3 


C2-V13 


199.8 


169.2 


C2-V14 


207.2 


112.1 


C2-V15 


224.6 


217.9 


C2-V16 


262.1 


492.3 


C2-V17 


266.2 


494.1 


C2-V18 


280.0 


652.0 


C2-V19 


284.6 


516.1 


C2-V20 


286.8 


301.1 


P? V91 


J\J 1 .u 


^RS Q 

joj.y 


r"9 V99 

^Z.- V zz 


^07 R 


99n 


V Z.J 


J 1 J.O 


ZJJ.O 


r"9 V9zl 

\.^Z- V z^ 


J J L.J 


1 R 


V_ _ V iij 




(i'^9 9 


V ZD 


^RQ n 

Joy.v 


1 9 


C2-V27 


416.1 


261.2 


C2-V28 


456.9 


965 R 


r9-V90 


4.57 S 




^z- V J\J 


468.3 


311.4 


CI V^l 

V^Z.- V J 1 


J ij.o 




CI V^9 

V^Z- V JZ 




757 1 


C2-V33 


548.6 


339.4 


C2-V34 


581.5 


254.8 


C2-V35 


590.1 


361.9 


C2-V36 


676.2 


744.1 


C2-V37 


680.9 


749.7 


C2-V38 


708.9 


211.9 


C3-V1 


156.5 


152.1 


C3-V2 


170.3 


736.7 


C3-V3 


181.0 


328.9 


C3-V4 


235.5 


238.9 


C3-V5 


236.8 


393.6 


C3-V6 


242.9 


107.3 


C3-V7 


245.3 


314.0 


C3-V8 


248.7 


209.3 


C3-V9 


313.8 


154.2 


C3-V10 


343.7 


119.8 


C3-V1I 


348.2 


394.8 


C3-V12 


409.5 


651.8 


C3-V13 


429.5 


328.0 


C3-V14 


450.4 


267.6 


C3-V15 


569.6 


543.4 


C3-V16 


607.2 


201.2 


C3-V17 


742.7 


275.1 








C4-V1 


112.0 


73.4 


C4-V2 


115.3 


95.5 


C4-V3 


143.0 


129.2 


C4-V4 


390.8 


106.1 


C4-V5 


402.0 


177.9 


C4-V6 


467.3 


143.3 


C4-V7 


535.1 


476.9 


C4-V8 


582.2 


156.2 


C4-V9 


585.2 


190.8 


C4-V10 


601.4 


168.3 


C4-V1I 


645.7 


125.7 


C4-V12 


655.6 


228.8 


C4-V13 


682.1 


120.0 


C4-V14 


737.7 


63.9 



SN 1989B in NGC 3627 



Table 3 

Photometry of Variable Stars: Magnitudes and Error 

Estimates 



HJD 


Cl-Vl 


C1-V2 


C1-V3 


C1-V4 


C1-V5 


C1-V6 


C1-V7 


C1-V8 






2450765.0705 


24.73 0.11 


25.85 0.14 


26.09 0.17 


27.26 0.38 


25.31 0.06 


25.59 0.10 


25.67 0.12 


25.63 0.07 


2450768.9688 


24.52 0.12 


26.35 0.21 


25.38 0.09 


27.22 0.29 


25.05 0.05 


25.44 0.10 


25.510.11 


26.01 0.13 


2450773.5386 


24.74 0.12 


26.56 0.21 


25.98 0.14 


26.58 0.17 


25.38 0.07 


25.63 0.10 


25.300.08 


27.03 0.24 


2450780.5963 


24.81 0.10 


26.24 0.17 


26.72 0.39 


26.90 0.23 


25.30 0.07 


25.88 0.13 


24.92 0.08 


25.66 0.09 


2450786.3774 


24.83 0.13 


26.47 0.20 


26.65 0.36 


26.56 0.18 


24.90 0.06 


26.06 0.16 


25.19 0.09 


26.67 0.24 


2450791.2834 


24.88 0.12 


26.14 0.18 




26.89 0.20 


25.36 0.07 


26.06 0.16 


25.35 Oil 


26.31 016 


2450796.6611 


24.74 0.10 


25.99 0.15 


26.50 0.28 


26.53 0.18 


25.30 0.06 


26.03 0.17 


25.43 OlO 


25.99 Oil 


2450801.2303 


24.69 0.09 


25.69 0.10 


25.90 0.12 


26.47 0.16 


24.88 0.06 


25.34 0.09 


25.47 0.09 


26.49 017 


2450804.3931 


24.50 0.09 


26.39 0.22 


25.98 0.13 


26.68 0.20 


25.13 0.07 


25.38 0.10 


25.55 OlO 


26.38 014 


2450810.1089 


24.46 0.08 


26.25 0.20 




26.56 015 


25.39 0.08 


25.42 0.08 


25.70 010 


26.01 Oil 


2450817.0338 


24.24 0.05 


26.96 0.35 


26.24 0.21 


26.55 0.17 


24.96 0.05 


25.96 0.16 


25.19 0.09 


26.69 0.19 


2450823.8900 


24.32 0.06 


26.70 0.38 


26.98 0.45 


26.13 0.13 


25.13 0.06 


26.28 0.17 


24.98 0.08 


25.78 0.10 




2450765.2010 


23.42 0.08 




24.94 0.19 




24.24 0.07 


24.25 0.11 


24.300.08 


24.88 0.11 


2450786.5100 


23.74 0.06 




24.69 0.13 




24.13 0.08 


24.67 0.14 


24.000.08 


25.21 0.14 


2450801.3650 


23.58 0.05 




24.73 0.11 




23.44 0.08 


24.10 0.08 


24.24 0.07 


25.43 0.16 


2450810.2408 


23.38 0.06 




24.73 0.11 




24.28 0.07 


24.26 0.09 


24.44 010 


24.98 Oil 


2450824.0226 


23.360.05 




24.78 0.12 




24.35 0.09 


24.72 0.10 


23.75 0.09 


25.05 0.14 





"TDU 



C1-V9 



Cl-VlO 



Cl-VU 



C1-V13 



C1-V14 



C2-V1 



ra-V2 



2450765.0705 


26 


61 





19 


26.28 





16 


26.95 


0.26 


26 


49 





16 


26 


65 





18 


26.33 





13 


25 


22 





12 


25 


06 





14 


2450768.9688 


26 


15 





13 


27.01 





31 


27.09 


0.27 


25 


59 





13 










26.05 





12 


25 


41 





14 


25 


34 





17 


2450773.5386 


26 


92 





20 


26.10 





11 


26.86 


0.25 


25 


38 





12 


27 


22 





26 


26.85 





20 


24 


38 





09 


26 


16 





32 


2450780.5963 


26 


46 





16 


27.14 





29 


26.01 


012 


25 


93 





12 


26 


44 





19 


26.27 





14 


24 


77 





09 


25 


13 





16 


2450786.3774 


27 


06 





28 


26.26 





15 


26.80 


0.22 


25 


96 





11 


27 


67 





40 


26.30 





11 


25 


02 





09 


25 


59 





21 


2450791.2834 


26 


95 





25 


26.49 





13 


26.95 


0.28 


26 


46 





18 


26 


95 





20 


26.17 





14 


24 


88 





10 


26 


00 





26 


2450796.6611 


26 


31 





16 


26.73 





18 


26.70 


0.18 


26 


36 





13 


26 


97 





19 


26.46 





15 


24 


46 





10 


24 


81 





17 


2450801.2303 


26 


75 





23 


26.25 





11 


26.35 


0.14 


26 


15 





12 


26 


51 





14 


26.01 





11 


24 


55 





09 


25 


61 





19 


2450804.3931 










26.84 





22 


26.63 


0.19 


26 


55 





21 


27 


77 





50 


26.78 





24 


24 


58 





08 


26 


08 





35 


24508101089 


26 


40 





14 


26.65 





17 


26.88 


0.23 


26 


46 





14 


26 


63 





16 


25.84 





08 


25 


22 





13 


25 


66 





21 


2450817.0338 


26 


96 





22 


26.50 





20 


26.64 


0.22 


26 


44 





15 


26 


98 





25 


26.53 





14 


25 


13 





12 


25 


74 





23 


2450823.8900 


26 


23 





13 


26.66 





16 


26.15 


0.15 


26 


34 





12 


27 


34 





27 


26.43 





19 


24 


57 





09 


25 


88 





37 



2450765.2010 


25.41 0.16 


25.06 0.14 


25.48 0.18 


25.20 0.15 


26.26 0.31 


25.09 0.12 


23.61 0.07 


24.14 OlO 


2450786.5100 


25.36 0.16 


25.46 0.18 


25.17 0.14 


25.13 0.15 


26.74 0.49 


25.30 0.14 


23.63 0.08 


24.65 0.19 


2450801.3650 


24.83 0.11 


25.11 0.15 


25.360.17 


25.06 0.14 


26.46 0.38 


25.13 0.12 


23.25 0.07 


24.23 016 


2450810.2408 


24.99 0.13 


25.70 0.22 


25.35 0.18 


25.07 014 


25.95 0.27 


24.85 0.10 


23.460.08 


24.50 013 


2450824.0226 


25.26 0.14 


25.24 0.14 


25.10015 


24,95 0,12 


26.39 0.35 


25.16 0.13 


23.43 0.07 


24.49 019 


HJD 


C2-V3 


C2-V4 


C2-V5 


C2-V6 


C2-V7 


C2-V8 


C2-V9 


C2-V10 


F555W 


2450765.0705 


25.88 0.17 


24.20 0.06 


25.300.11 


25.63 0.15 


25.60 0.17 


24.57 0.10 


25.160.16 


25.06 OlO 


2450768.9688 


25.55 0.13 


24.15 0.06 


25.74 016 


25.80 018 


25.63 0.16 


24.63 0.09 


25.05 012 


24.93 0.09 


2450773.5386 


25,03 0.10 


24.47 0.06 


25.83 0,17 


24,85 0,08 


24.76 0.09 


24.86 0,12 


25.43 018 


24.24 0.05 


2450780.5963 


25,46 0.13 


24.66 0.09 


25.03 0,09 


25,65 0,19 


25.25 0.16 


25.15 0,13 




24.72 0.08 


2450786.3774 


25,56 013 


24.78 0.09 


25.55 0,12 


25,13 011 


25.85 0.23 


25.20 0,16 




25.10 011 


2450791.2834 


24,96 0.09 


24.90 0.09 


25.58 0,13 


25,42 012 


24.68 0.08 


25.27 0,15 


24,84 Oil 


24.95 0.09 


2450796.6611 


25,21 Oil 


25.06 Oil 


24.98 0,08 


25,47 015 


24.93 0.09 


24.99 0,12 


25,66 0.23 


24.35 0.06 


2450801.2303 


25,73 014 


24.65 0.08 


25.38 0,10 


25,15 Oil 


25.60 014 


24.47 0,08 


26,42 0.34 


24.72 0.08 


2450804.3931 


25,63 013 


24.20 0.06 


25.78 0,16 


25,60 018 


25.72 016 


24.59 0,10 


25,93 0.26 


24.83 0.09 


24508101089 


25,18 OlO 


24.24 0.05 


25,39 0,12 


26,14 031 


24.65 0.08 


24,66 0,10 


24,81 012 


25.02 0.09 


2450817,0338 


25,18 0,1 1 


24,39 0,05 


25,35 0,10 


25,05 0,10 


25,38 0,12 


24,97 0,13 


25,47 0,17 


24,39 0,07 


245082.!, S9IK1 


2.';,SI 


2 l,S 1 0,118 


2.-^,9 1 11,19 


2>M0.\7 


2.1,.'; 1 0,1 1 


2.1,1911,1.'; 


2(1,.!.'; 0, 1.! 


2 1,78 0,(19 




2450765.2010 




23.26 0.05 




24.65 0.18 


24.11010 


23.72 0.08 


24.24 010 


24.55 012 


2450786.5100 




23.70 0.08 




24.300.10 


24.64 0.22 


24.19 0.10 


23.98 0.08 


24.53 012 


2450801.3650 




23.59 0.06 




24.24 0.09 


24.24 012 


23.89 0.11 


24.55 013 


24.08 0.07 


2450810.2408 




23.33 0.05 




24,73 016 


23.75 0.08 


23.83 0,07 


23.78 0.08 


24.50 0.09 


2450824.0226 




23.58 0.05 




24,60 014 


24.32 013 


24.38 0,12 


24.38 011 


24.05 0.08 


HJD 


C2-V11 


C2-V12 


C2-V13 


C2-V14 


C2-V15 


C2-V16 


C2-V17 


C2-V18 


F&&SW 


2450765.0705 


25.36 0.13 


25.27 0.09 


25.74 018 


25.63 0.16 


25.63 0.17 


24.00 0.07 


24.05 0.06 


25.02 016 


2450768.9688 


25,89 0,31 


24.73 0.06 


25.39 0,14 


26.17 0.21 


25.97 0.29 


24.55 0,11 


24.23 0.08 


25.17 019 


2450773.5386 


25,89 0,22 


24.83 0.06 


25,98 0,19 


25.99 0.19 


26.15 0.29 


24.64 0,14 


24.26 0.06 


25.43 0.29 


2450780.5963 


24,46 0,13 


25.11 0.07 


26,34 0,29 




26.20 0.37 


25.10 0,22 


24.51 014 




2450786.3774 


24,81 OlO 


2521 O09 


25.42 0,12 


25,40 013 


25.27 016 


24.88 0,19 


24.73 on 


25.16 021 


2450791.2834 


25,48 014 


25.52 0,13 


26.08 0,22 


25,72 016 


25.30 014 


24.51 0,09 


24.38 012 


24.52 012 


2450796.6611 


25,73 0.22 


24.53 0.05 




26,28 0.26 


25.89 021 


24.61 0,12 


24.10 014 


24.71 015 


2450801.2303 


25,86 0.20 


24.98 0.07 




26,21 0,23 


26.16 0.28 


24.95 0,12 


23.95 0.07 


25.13 018 


2450804.3931 


24,65 0.09 


25.20 0.09 


25.30 0,13 


26,13 0.23 


26.38 038 


24.97 0,18 


24.03 0.09 


25.53 0.30 


2450810.1089 


25.22 010 


25.31 012 


26.22 038 


25.27 0.12 


25.30 014 


24.21 0.09 


24.21 0.08 


25.28 0.24 


2450817.0338 


25.800.19 


25.35 0.09 


26.08 0.23 


25.67 014 


25.45 0.16 


24.55 0.13 


24.22 0.09 


25.55 0.27 


2450823.8900 


25.76 0.16 


24.67 0.06 


25.39 0.14 


26.21 0.23 


26.01 0.27 


24.78 0.15 


24.60 011 


24.55 0.13 


F814W 


2450765.2010 


23.97 0.10 


24.30 0.12 


25.45 0.44 


24.00 0.09 


24.55 0.14 


23.14 0.09 


22.91 0.12 


23.70 013 


2450786.5100 


23.94 0.09 


24.10 012 


24.45 0.12 


23.93 0.08 


24.33 0.13 


23.55 0.13 


23.41 0.39 


23.90 014 


2450801.3650 


24,23 ai3 


23.96 0.09 


24.92 0,16 


24,33 OlO 




23.45 0,11 


23.13 018 


23.65 OlO 


2450810.2408 


23,91 0.10 


24.28 ai2 


25.25 0,27 


24,05 0.09 


24.47 0.21 


23.10 0,09 


23.24 018 


23.85 012 


2450824.0226 


24.14 013 


23.89 0.08 


24.84 016 


24.31 Oil 


25.25 0.45 


23.10 0.07 


23.35 0.20 


23.50 OlO 
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Table 3 
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2450765.0705 


25.13 0.16 


24.45 0.06 


25.57 0.15 


24.69 0.07 


21.46 0.02 


25.94 0.16 


25.01 0.20 


25.05 0.13 


2450768.9688 


25.03 0.13 


24.69 0.07 


25.13 0.11 


25.06 0.09 


21.80 0.02 


25.41 0.11 


25.01 0.19 


25.15 0.12 


2450773.5386 


24.59 0.10 


24.90 0.10 


24.69 0.07 


25.43 0.13 


22.05 0.02 


26.01 0.17 


25.110.18 


25.84 0.27 


2450780.5963 


24.42 0.08 


24.67 0.09 


25.08 0.11 


25.63 0.17 


22.45 0.03 


25.28 0.11 


25.000.20 


25.77 0.14 


2450786.3774 


24.64 0.09 


25.17 0.14 


25.45 0.14 


24.65 0.10 


22.75 0.03 


25.81 0.13 


23.800.09 


25.03 0.08 


2450791.2834 


24.64 0.08 


24.56 0.06 


25.33 0.14 


25.25 0.12 


22.89 0.03 


25.74 0.17 


22.53 0.06 


24.92 0.09 


2450796.6611 


25.25 0.47 


24.74 0.07 


24.73 0.07 


25.55 0.14 


22.90 0.04 


25.58 0.13 


22.35 0.05 


25.66 016 


2450801.2303 


24.92 0.13 


24.92 0.10 


25.01 0.11 


24.88 0.08 


23.13 0.03 


26.25 0.20 


23.63 0.07 


25.48 016 


2450804.3931 


24.90 0.11 


25.32 0.14 


25.15 0.11 


25.13 0.10 


23.18 0.03 


26.20 0.22 


24.08 0.11 


25.88 017 


2450810.1089 


24.86 0.12 


25.33 0.13 


25.21 0.12 


25.49 0.12 


23.26 0.03 


25.600.13 


24.34 012 


25.71 016 


2450817.0338 


25.01 0.12 


24.38 0.08 


25.05 0.09 


25.55 0.13 


23.35 0.04 


26.22 0.22 


24.59 ai3 


24.67 0.09 


2450823.8900 


25.36 0.32 


24.96 0.09 


24.93 0.08 


25.26 0.10 


23.49 0.03 


25.55 0.12 


24.64 015 


25.22 Oil 


^-'8141^ 


2450765.2010 


23.93 0.13 


23.76 0.08 




23.98 0.08 




24.46 0.11 


22.660.10 


23.81 0.08 


2450786.5100 


23.58 0.10 


24.35 0.14 




24.41 0.12 




24.45 0.12 


21.21 0.05 


23.97 0.08 


2450801.3650 


23.76 0.12 


24.05 0.10 




24.45 0.12 




24.39 0.13 


21.16 0.05 


24.21 0.08 


2450810.2408 


24.01 0.17 


24.36 0.19 




24.84 0.19 


20.09 0.05 


24.19 0.10 


21.91 0.06 


24.38 011 


2450824.0226 


24.36 0.24 


23.97 0.08 




2441 0.13 


20.39 0.05 


24.34 0.10 


22.30 0.08 


23.91 0.08 





"TDU 



C2-V27 



C2-V28 



C2-V29 



C2-V30 



C2-V31 



C2-V32 



C2-V33 



C2-V34 



2450765.0705 
2450768.9688 
2450773.5386 
2450780.5963 
2450786.3774 
2450791.2834 
2450796.6611 
2450801.2303 
2450804.3931 
24508101089 
2450817.0338 
2450823.8900 



55.34 0.13 

25.88 0.19 
25.300.13 

24.89 0.09 
25.100.10 

25.35 0.12 
25.35 0.11 
25.45 0.11 
24.67 0.08 
24.810.08 
25.27 0.11 
25.460.13 



25.42 0.16 
25.47 0.16 
25.02 0.11 
25.26 0.14 
25.53 0.19 
24.89 0.12 
25.35 0.14 
25.47 0.17 
25.23 014 
25.05 011 

25.43 0.16 
24.82 0.07 



24.95 0.09 
25.45 0.11 
26.25 0.21 
25.48 Oil 
25.41 0.10 
25.63 0.12 
26.23 0.19 
25.27 0.09 
25.27 0.09 
25.98 0.17 

25.96 0.15 
25.40 0.10 



25.60 0.12 
25.76 0.25 
25.05 0.07 
25.72 0.13 
25.31 0.10 
25.25 0.09 
25.58 0.14 
25.33 0.18 
25.16 0.09 
25.72 013 
25.27 0.08 
25.21 0.10 
~P5T3W 



25.36 0.10 
25.80 0.16 
25.16 0.10 
24.67 0.08 
25.21 0.09 
25.27 0.09 
25.63 0.15 
25.55 0.10 
25.51 016 
24.80 0.08 
25.01 0.08 
25.23 0.10 



24.93 0.10 
25.14 0.10 
25.74 0.16 
25.59 0.14 
24.91 0.12 
25.22 0.16 
25.65 0.18 

25.97 0.27 

24.98 0.14 
25.14 0.07 
25.57 0.22 



25.110.12 
24.15 0.07 
24.21 0.06 

24.65 0.09 
25.07 012 
25.17 011 
24.98 010 
24.10 0.05 
24.38 0.06 
24.52 0.09 
24.94 0.12 
25.15 0.13 



24.73 0.09 
24.49 0.07 
23.96 0.06 
24.00 0.06 

24.22 0.06 
24.40 0.07 
24.55 0.07 
24.57 0.09 
24.66 0.09 
24.83 Oil 
24.35 0.07 
24.11 0.07 



2450765.2010 
2450786.5100 
2450801.3650 
2450810.2408 

2450824.0226 



23.98 0.11 
23.86 0.09 
23.92 0.11 
23.69 0.06 
24.15 010 



24.24 0.14 
24.43 0.13 
24.57 0.12 
24.14 0.09 

23.98 0.08 



24.32 0.11 
24.60 0.11 
24.56 0.13 
24.67 0.13 
24.48 0.13 



24.19 0.15 



24.22 0.12 
23.60 0.08 
24.13 0.11 
23.67 0.08 
23.88 0.07 



24.31 0.12 
23.91 0.10 
24.73 0.28 
24.31 0.16 

24.17 0.09 



24.11 0.16 
23.88 0.10 
23.38 0.07 
23.51 0.09 

24.07 016 



23.57 0.06 
23.15 0.05 
23.40 0.05 
23.43 0.05 
23.10 0.05 



H.ID 



c:-v.!f, 
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(■3-v: 



C.!-V I 



2450765.0705 


26.16 0.32 


22.81 0.03 


23.45 0.05 


24.38 0.09 


25.66 0.14 


25.57 0.11 


24.89 0.09 


24.65 0.07 


2450768.9688 


24.56 0.09 


22.83 0.03 


23.52 0.04 


24.41 0.08 


26.21 0.26 


25.97 0.16 


25.460.10 


25.23 0.08 


2450773.5386 


24.89 0.12 


22.84 0.03 


23.45 0.04 


24.40 0.06 


26.15 0.20 


26.22 0.20 


25.24 0.09 


25.63 012 


2450780.5963 


25.51 0.17 


22.71 0.04 


23.36 0,04 


24,64 0,10 


25.49 0.12 


26.06 0,13 


24,43 0.05 


25.72 012 


2450786.3774 


25.94 0.24 




23,38 0,04 


24,48 0,08 


25.74 016 


26.34 0,19 


24,80 0.06 


24.95 0.07 


2450791.2834 


26.32 0.35 


22.77 0.03 


23,25 0,04 


24,74 0.08 


26.02 0.20 


25.63 0,12 


25,22 0.09 


24.94 0.06 


2450796.6611 


24.65 0.10 


22.60 0.02 


23,24 0,04 


24,73 0.08 


25.82 0.12 


25.99 0,21 


254 1 0.09 


25.30 011 


2450801.2303 


24.56 010 


22.40 0.04 


23,17 0,04 


24,63 0.09 


25.46 Oil 


25.75 0,10 


25,40 0.09 


25.65 OlO 


2450804.3931 


24.95 OlO 


22.35 0.03 


23.18 0,04 


24,86 OlO 


25.53 0.09 


25.33 0,10 


25,55 Oil 


25.67 012 


24508101089 


25.46 017 


22.33 0.02 


23.09 0,04 


24,96 OlO 


264 1 0.23 


26.27 0,20 


24,55 0.05 


25.59 Oil 


2450817.0338 


25.91 0.26 


22.40 0.03 


23.02 0.05 


25,05 013 


254 1 0.09 


25.80 0,12 


25,01 0.07 


24.84 0.06 


2450823.8900 


25.30 0.14 


22.46 0.03 


23.00 O04 


25.13 012 


25.64 012 


26.23 0.23 


25.22 010 


25.24 010 




2450765.2010 


24.95 0.22 


22.44 0.05 


22.22 0.05 


23.01 0.05 


24.74 0.13 




23.63 0.06 


24.19 0.10 


2450786.5100 




22.45 0.06 




23.14 0.05 


24.83 0.13 






24.15 0.09 


2450801.3650 


24.05 0.12 


22.06 0.05 


22.05 0.05 


23.18 0.05 


24.81 0.17 




24.32 0.11 


24.63 0.11 


2450810.2408 


24.600.19 


21.98 0.05 


21.96 0.05 


23.40 0.05 


25.09 0.19 






24.90 0.28 


2450824.0226 


24.43 0.16 


22.08 0.05 


21.58 0.09 


23,56 0,06 


24.74 0.10 




24.34 0.10 


24.30 0.08 


HJD 


C3-V5 


C3-V6 


C3-V7 


C3-V8 


C3-V9 


C3-V10 


C3-V11 


C3-V12 




2450765.0705 


24.72 0.06 


25.48 0.12 


26.560.20 


24.55 0.17 


24.89 0.08 


23.97 0.06 


25.63 0.10 


25.55 0.19 


2450768.9688 


25.09 0.09 


25.33 0.11 


26.10 014 


25.40 0.11 


24.96 0.10 


23.92 0.05 


25.25 0.08 


25.39 0.07 


2450773.5386 


25.38 0.11 


24.81 0.06 


26.63 0,20 


25,92 0.17 


25.18 0.13 


24.16 0,06 


25,52 0.09 


25.73 012 


2450780.5963 


25.18 0.10 


25.36 0.12 


27.34 0,39 


25,50 0.12 


25.68 0.16 


24.28 0,07 


25,61 0.09 


26.31 015 


2450786.3774 


24.91 0.08 


25.39 0.12 


26.14 0,22 


25,38 0.10 


25.40 0.17 


24.09 0,06 


25,51 0.08 


26.36 014 


2450791.2834 


25.15 0.09 


25.53 0.12 


26.26 0,16 


25,65 0.10 


25.03 0.11 


24.66 0,07 


25,63 OlO 


25.07 0.06 


2450796.6611 


25.13 0.08 


24.83 0.10 


26.63 0,25 


25,91 0,13 


25.33 0.12 


24.76 0,08 


25,13 0.06 


25.58 0.08 


2450801.2303 


24.53 0.06 


24.90 0.15 


27,26 0,40 


25,05 0,08 


254 1 0.14 


24.26 0,07 


25,59 0.08 


25.91 012 


2450804.3931 


24.88 0.09 


25.31 0.09 


26.03 0,12 


25,14 0.08 


25.55 0.15 


23.98 0,05 


25,50 0,09 


26.28 015 


2450810.1089 


25.16011 


25.640.16 


26,34 0,20 


2543 0.11 


25.06 0.15 


23,91 0,04 


25,17 0,09 


26.22 016 


2450817,0338 


2541 0,1 1 


24,78 0,05 


26,95 0,3 1 


25,96 0,15 


25,10 0,10 


24, 1 1 0,05 


25,49 0,09 


25,25 0,09 


2450<S23,S')()0 


2 1,71, 0,06 




2.^,'-)6 0,i 1 


2 l,W 0,07 


2.1,71 0,1.1 


2 1,27 11,06 


2,vl3 (1,09 


25, S2 (1,12 




2450765.2010 




24.40 011 




24.13 0.09 




23.20 0.05 


24.24 0.08 


24.43 0.08 


2450786.5100 




24.30 0.09 




24.38 0.12 




23.34 0.06 


24.24 0.10 


24.80 0.12 


2450801.3650 


24.01 0.12 


24.17 0.08 




24.11 0.09 




23.33 0.06 


24.300.09 


24.67 0.10 


2450810.2408 


24.27 0.10 


24.39 0.11 




24.33 0.10 




23.17 0.05 


24.21 0.09 


24.93 0.13 


2450824.0226 




24.13 0.08 




24.13 0.09 




23.38 0.06 


24.28 0.08 


24.67 0.11 
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Table 3 
— Continued 



HJD C3-V13 C3-V14 C3-V15 C3-V16 C3-V17 C4-V1 C4-V2 C4-V3 



T'SSSW 



2450765 


0705 


26 


49 0.23 


26.46 


0.17 


26 


09 


0.18 


25.73 


15 


25.56 





11 


25 


73 


0.18 


26 


14 


19 


24 


77 


0.14 


2450768 


9688 


26 


23 0.21 






25 


81 


0.09 


26.34 


25 


25.78 





14 


26 


19 


0.25 


25 


34 


11 


24 


65 


0.09 


2450773 


5386 


25 


36 0.10 


27.31 


0.44 


25 


82 


0.09 


26.83 


35 


25.49 





10 


26 


38 


0.29 


25 


53 


10 


25 


07 


0.10 


2450780 


5963 


26 


45 0.22 


26.22 


0.14 


25 


92 


0.09 


26.05 


15 


24.96 





05 


25 


89 


0.19 


25 


98 


12 


25 


14 


0.13 


2450786 


3774 


26 


59 0.28 


26.50 


0.21 


25 


70 


0.24 


26.26 


21 


25.38 





10 


25 


16 


0.11 


25 


84 


14 


25 


10 


0.12 


2450791 


2834 


25 


70 0.12 


26.93 


0.30 


25 


13 


0.06 


26.68 


24 


25.90 





15 


25 


21 


0.11 


25 


56 


10 


25 


27 


0.15 


2450796 


6611 


26 


00 0.21 


26.05 


0.14 


25 


55 


0.07 


25.61 


13 


25.86 





13 


25 


64 


0.19 


25 


82 


12 


25 


18 


0.13 


2450801 


2303 


26 


68 0.25 


26.91 


0.27 


25 


55 


0.08 


26.65 


25 


25.26 





09 


25 


67 


0.18 


26 


31 


35 


25 


36 


0.14 


2450804 


3931 


26 


15 0.20 


26.75 


0.23 


25 


61 


0.10 


26.76 


28 


24.90 





06 


25 


76 


0.23 


26 


24 


16 


25 


47 


0.29 


2450810 


1089 


26 


03 0.19 


25.83 


0.12 


25 


46 


0.09 


25.76 


14 


25.34 





09 


26 


05 


0.23 


25 


36 


08 


25 


46 


0.16 


2450817 


0338 


26 


26 0.17 


27.33 


0.42 


25 


26 


0.06 


26.63 


28 


25.67 





12 


25 


95 


0.20 


25 


900 


12 


25 


33 


0.14 


2450823 


8900 


25 


56 0.13 


26.30 


0.17 


25 


28 


0.06 


26.50 


23 


25.93 





13 


25 


23 


0.13 


25 


59 


14 


24 


90 


0.16 



FSIAW 



2450765.2010 






23.03 0.05 


24.88 0.15 




24.44 0.15 


25.43 0.25 




2450786.5100 






23.26 0.05 


25.05 0.15 




23.84 0.11 


25.41 0.26 


24.06 0.30 


2450801.3650 






23.21 0.05 


25.05 0.18 




24.40 0.12 


25.61 0.23 




2450810.2408 






23.27 0.05 


25.34 0.18 




24.50 0.15 


24.760.14 




2450824.0226 




25.55 0.23 


23.19 0.05 


25.15 0.19 




23.76 0.08 


25.44 0.27 




HJD 


C4-V4 


C4-V5 


C4-V6 


C4-V7 


C4-V8 


C4-V9 


C4-V10 


C4-V11 




2450765.0705 


26.08 0.22 


25.70 0.10 


25.20 0.08 




24.83 0.09 


24.67 0.06 


25.05 0.06 


25.18 0.09 


2450768.9688 


24.83 0.13 


26.08 0.15 


25.49 0.10 


26.07 0.14 


25.35 0.19 


25.03 0.09 


25.35 0.09 


25.10 0.10 


2450773.5386 


25.15 0.09 


26.01 0.13 


25.96 0.13 


26.05 0.13 


24.90 0.09 


25.51 0.12 


25.900.12 


24.63 0.06 


2450780.5963 


25.45 0.11 


26.18 0.12 


25.13 0.10 


26.24 0.14 


24.99 0.11 


25.80 0.14 


26.21 0.14 


25.02 0.07 


2450786.3774 


25.81 0.21 


26.80 0.46 


25.36 0.09 


26.17 0.12 


24.23 0.07 


25.48 0.11 


25.22 0.08 


25.15 0.08 


2450791.2834 


25.64 0.16 


26.46 0.21 


25.76 0.10 


26.81 0.33 


25.26 0.16 


24.89 0,06 


25,19 0,07 


25.11 0.09 


2450796.6611 


25.25 0.16 


26.00 0.11 


25.78 0.10 


25.66 0.08 


25.46 0.16 


25,23 0,09 


25,52 0,07 


24.46 0.05 


2450801.2303 


25.30 0.10 


25.69 0.08 


24.81 0.07 


26.44 0.14 


25.32 0.14 


25.70 0,11 


25,91 0.11 


24.81 0.06 


2450804.3931 


25.400.13 


25.95 0.12 


25.41 0.09 


27.05 0.27 


25.28 0.09 


25.70 0,12 


26,60 0.38 


24.97 0.07 


2450810.1089 


25.91 0.16 


25.93 0.11 


25.59 0.12 


26.00 0.10 


24.84 0.16 


25.56 0,10 


25,53 0.09 


25.24 0.13 


24.50817,0338 


25.52 0.12 


26,28 0,18 


25.85 0.26 


26.65 0.18 


25,32 0,1 1 


25,03 0,08 


25,33 0,08 


25,26 0,15 


2 l.-^IIS2.i, 8911(1 


2.VI1 (1,12 


26,,^') (1,16 


2.^,(1,! (1,2(1 


2(1.(10 (1, 1 1 


2.-S,6') (1,26 


2,1, 1(1 (1,1 1 


26,(1.! (1,1 1 


2 1,72 (1,(17 




2450765.2010 


25.22 0.19 


24.08 0.06 


24.21 0.15 


25.16 0.17 


23.70 0.06 


23.84 0.05 


24.310.09 


23.80 0.07 


2450786.5100 


25.33 0.24 


24.60 0.10 


24.58 0.19 


25.24 0.14 


23.38 0.08 


24.47 0.09 


23.81 0.09 


23.65 0.07 


2450801.3650 


24.64 0.12 


24.27 0.10 


24.30 0.14 


25.24 0.14 


23.76 0.08 


24.34 0.07 


24.600.11 


23.53 0.05 


2450810.2408 


24.82 0.16 


24.46 0.10 




24.78 0.10 


24.05 0.07 


24.39 0.08 


24.58 0.09 


23.99 0.10 


2450824.0226 


24.32 0.13 


24.67 0.10 


24.45 0.19 


25.00 0.11 


24.06 0.07 


24.16 0.06 


24.85 0.11 


23.82 0.07 




HJD 


C4-V12 


C4-V13 


C4-V14 












F555W 


2450765.0705 


25.85 0.13 


24.92 0.10 


25.27 0.12 












2450768.9688 


26.42 0.19 


24.96 0.11 


25.33 0.14 












2450773.5386 


26.38 0.14 


25.45 0.15 


25.14 0.10 












2450780.5963 


26.02 0.26 


25.71 0.20 


25.20 0.10 












2450786.3774 


26.190.13 


25.98 0.23 


25.05 0.10 












2450791.2834 


25.88 0.12 


25.01 0.25 


25.30 0.11 












2450796.6611 


26.45 0.20 


25.240.10 


25.50 0.12 












2450801.2303 


26.160.11 


25.06 0.14 


25.34 0.11 












2450804.3931 


25.80 0.10 


25.66 0.16 


25.61 0.12 












2450810.1089 


26.18 0.14 


26.05 0.21 


25.70 0.14 












2450817.0338 


26.03 0.13 


24.76 0.08 


25.97 0.16 












2450823.8900 


25.74 0.16 


25.53 0.13 


25.71 0.16 












F814W 


2450765.2010 




23.80 0.09 


23.18 0.06 












2450786.5100 




24.65 0.19 














2450801.3650 




24.31 0.12 


23.34 0.07 












2450810.2408 




24.53 0.16 


23.40 0.06 












2450824.0226 




24.06 0.08 


23.59 0.07 
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Table 4 

Characteristics of the Cepheids 



Object 


Period 


{V) 








Uv 


Ui 


Ut 


<^Ut 


Quality 




(days) 














Index 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(V) 


(8) 


(9) 


(10) 


(11) 



Cl-Vl 75.0 24.56 0.09 

C1-V3 39.0 26.17 0.27 

C1-V5 17.0 25.16 0.07 

C1-V6 33.9 25.74 0.14 

C1-V7 42.0 25.30 0.10 

C1-V8 14.5 26.14 0.16 

C1-V9 13.7 26.63 0.21 

Cl-VlO 12.9 26.54 0.20 

Cl-Vl 1 38.0 26.60 0.22 

C1-V12 58.0 26.08 0.14 

C1-V13 17.0 26.90 0.27 

C1-V14 10.6 26.26 0.16 

C2-V1 24.0 24.78 0.11 

C2-V2 16.0 25.52 0.25 

C2-V4 42.0 24.55 0.08 

C2-V6 14.2 25.39 0.16 

C2-V7 18.5 25.13 0.13 

C2-V8 40.0 24.87 0.13 

C2-V9 22.0 25.42 0.24 

C2-V10 22.0 24.71 0.09 

C2-V11 24.0 25.23 0.16 

C2-V12 26.0 25.03 0.09 

C2-V13 18.2 25.83 0.25 

C2-V14 27.0 25.73 0.18 

C2-V15 27.0 25.71 0.26 

C2-V16 23.0 24.61 0.15 

C2-V17 41.0 24.24 0.10 

C2-V18 34.0 25.04 0.22 

C2-V19 58.0 24.80 0.18 

C2-V20 26.0 24.84 0.11 

C2-V22 18.0 25.19 0.12 

C2-V24 13.4 25.72 0.16 

C2-V26 27.5 25.32 0.15 

C2-V27 27.5 25.08 0.10 

C2-V28 16.5 25.20 0.14 

C2-V29 18.7 25.58 0.14 

C2-V30 14.9 25.35 0.14 

C2-V31 33.0 25.16 0.11 

C2-V32 25.5 25.29 0.16 

C2-V33 32.0 24.64 0.10 

C2-V34 48.0 24.35 0.08 

C2-V35 28.3 25.24 0.20 

C2-V38 75.0 24.69 0.10 

C3-V1 19.4 25.77 0.17 

C3-V3 30.0 24.99 0.08 

C3-V4 27.0 25.22 0.10 

C3-V5 19.4 25.01 0.08 

C3-V6 22.0 25.14 0.11 

C3-V8 19.4 25.38 0.13 

C3-V10 41.0 24.21 0.06 

C3-V11 13.5 25.43 0.09 

C3-V12 24.1 25.74 0.13 

C3-V14 14.4 26.47 0.25 

C3-V15 8.3 25.60 0.12 

C3-V16 16.0 26.18 0.23 

C4-V1 39.0 25.63 0.19 

C4-V2 18.7 25.73 0.16 

C4-V3 60.0 25.13 0.15 

C4-V4 26.0 25.39 0.14 

C4-V5 38.0 26.13 0.19 

C4-V6 19.2 25.44 0.13 

C4-V7 13.2 26.23 0.17 

C4-V8 25.0 25.00 0.14 

C4-V9 24.0 25.28 0.11 

C4-V10 24.5 25.56 0.14 

C4-V11 24.5 24.93 0.09 

C4-V13 25.0 25.31 0.16 

C4-V14 70.0 25.44 0.13 



23.47 


0.10 


31.134 


31.020 


30.857 


0.484 


4 


24.84 


0.42 


31.959 


31.515 


30.880 


1.167 


2 


24.07 


0.31 


29.959 


29.644 


29.194 


0.848 


2 


24.37 


0.17 


31.365 


30.865 


30.152 


0.605 


6 


24.08 


0.13 


31.179 


30.858 


30.399 


0.529 


6 


25.11 


0.15 


30.745 


30.468 


30.073 


0.587 


5 


25.22 


0.34 


31.171 


30.511 


29.568 


0.966 


1 


25.28 


0.25 


31.002 


30.486 


29.749 


0.785 


2 


25.20 


0.14 


32.360 


31.840 


31.096 


0.605 


3 


24.75 


0.38 


32.345 


31.959 


31.408 


1.024 


3 


26.33 


0.28 


31.698 


31.904 


32.198 


0.871 


3 


25.16 


0.12 


30.494 


30.106 


29.552 


0.542 


3 


23.46 


0.12 


29.991 


29.493 


28.782 


0.519 


2 


24.36 


0.20 


30.247 


29.859 


29.304 


0.720 


3 


23.50 


0.09 


30.430 


30.281 


30.068 


0.478 


6 


24.50 


0.13 


29.972 


29.833 


29.634 


0.558 


4 


23.97 


0.17 


30.029 


29.659 


29.130 


0.599 


6 


24.02 


0.12 


30.693 


30.727 


30.776 


0.527 


5 


24.00 


0.21 


30.523 


29.918 


29.054 


0.726 


4 


24.20 


0.18 


29.810 


30.118 


30.557 


0.601 


5 


23.94 


0.33 


30.436 


29.969 


29.302 


0.933 


4 


24.02 


0.12 


30.333 


30.160 


29.912 


0.508 


5 


24.96 


0.30 


30.711 


30.630 


30.514 


0.899 


4 


24.13 


0.13 


31.081 


30.324 


29.243 


0.578 


4 


24.67 


0.30 


31.064 


30.862 


30.573 


0.920 


5 


ZJ.Z.J 


u.zu 


ZV. 1 1 D 


Zy.Zju 




U.OD / 


1 

i 


23.17 


0.15 


30.091 


29.911 


29.653 


0.561 


3 


23.66 


0.12 


30.665 


30.160 


29.439 


0.592 


4 


23.83 


0.21 


31.063 


31.038 


31.002 


0.705 


5 


24.00 


0.08 


30.144 


30.138 


30.129 


0.469 


6 


24.45 


0.28 


30.051 


30.104 


30.179 


0.807 


6 


24.35 


0.19 


30.235 


29.613 


28.723 


0.648 


3 


23.97 


0.10 


30.690 


30.185 


29.464 


0.520 


5 


23.80 


0.25 


30.456 


30.017 


29.390 


0.751 


4 


24.22 


0.14 


29.956 


29.757 


29.472 


0.572 


4 


24.58 


0.14 


30.493 


30.279 


29.972 


0.566 


4 


24.39 


0.42 


29.985 


29.791 


29.515 


1.114 


2 


23.73 


0.19 


30.750 


30.190 


29.389 


0.636 


6 


24.23 


0.23 


30.570 


30.345 


30.025 


0.729 


4 




n no 




jyj.ynjL 


zy.oDo 


Alft 


D 








'3A 'in'7 


OQ Q'^7 


ft A^Q 




OA ^0 


a AA 




'3A C7'3 


'30 Aftd 


1 1 


D 


'>'? 1 ^ 

Zj. 1 J 


(\\\ 

W. 1 1 


J l.ZDW 


jyj. /Ul 


'>Q QO'? 


'^00 
U. JUZ 


C 


24.91 


0.14 


30.722 


30.665 


30.583 


0.574 


4 


23.91 


0.47 


30.462 


30.236 


29.912 


1.217 


3 


24.28 


0.21 


30.569 


30.469 


30.326 


0.665 


6 


24.25 


0.10 


29.965 


30.004 


30.060 


0.480 


3 


24.17 


0.09 


30.243 


30.083 


29.854 


0.483 


4 


24.31 


0.17 


30.332 


30.055 


29.660 


0.602 


3 


23.28 


0.11 


30.060 


30.024 


29.973 


0.489 


3 


24.26 


0.13 


29.954 


29.529 


28.923 


0.528 





24.52 


0.19 


30.954 


30.562 


30.002 


0.649 


5 


25.31 


1.44 


31.067 


30.663 


30.085 


3.545 


2 


23.20 


0.24 


29.538 


27.818 


25.362 


0.729 


1 


25.08 


0.24 


30.901 


30.571 


30.099 


0.781 


4 


24.09 


0.29 


31.423 


30.772 


29.843 


0.848 


6 


25.10 


0.20 


30.637 


30.799 


31.030 


0.662 


5 


24.10 


1.45 


31.436 


31.347 


31.219 


3.556 


1 


24.69 


0.26 


30.697 


30.831 


31.021 


0.767 


6 


24.38 


0.15 


31.887 


31.028 


29.801 


0.605 


5 


24.51 


0.18 


30.380 


30.244 


30.051 


0.625 


4 


25.06 


0.21 


30.721 


30.298 


29.692 


0.690 


3 


23.74 


0.27 


30.254 


29.830 


29.223 


0.795 


2 


24.08 


0.14 


30.485 


30.111 


29.578 


0.556 


4 


24.34 


0.42 


30.798 


30.399 


29.829 


1.125 


3 


23.72 


0.19 


30.166 


29.779 


29.225 


0.621 


2 


24.03 


0.19 


30.573 


30.118 


29.468 


0.663 


6 


23.27 


0.09 


31.933 


30.728 


29.007 


0.499 


1 
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Table 5 

Data for Nine Cepheid-Calibrated SNe Ia 



SNIa Galaxy (Cepheids) (m - M)as {m-M)AV M^(max) M{J,(max) Amis Sources 



1937C 


IC4182 (39) 


28.36 ± 0.09 


28.36 ± 0.12 


-19, 


,53 


± 


0, 


,15 


-19, 


,48 


± 


0, 


17 


0.87 ±0.10 


1,2 


1895B 


NGC 5253 (15) 


28.13 ± 0.08 


28.10 ± 0.07 


-19, 


,87 


± 


0, 


,22 














3,4 


1972E 


NGC 5253 (15) 


28.13 ± 0.08 


28.10 ±0.07 


-19, 


,52 


± 


0, 


,22 


-19, 


,49 


± 


0, 


,14 


0.87 ±0.10 


3,5 


1981B 


NGC 4536 (74) 


31.10 ±0.05'^ 


31.10 ±0.05'^ 


-19, 


,46 


± 


0, 


,21 


-19, 


.44 


± 


0, 


,18 


1.10 ±0.07 


6,7 


1960F 


NGC4496A (95) 


31.16 ±0.10 


31.13 ±0.10 


-19, 


,56 


± 


0, 


,14 


-19, 


.62 


± 


0, 


,18 


1.06 ±0.12 


8,9 


1990N 


NGC 4639 (20) 


32.03 ± 0.22* 


32.03 ± 0.22* 


-19, 


,33 


± 


0, 


,23 


-19 


.42 


± 


0. 


,23 


1.07 ±0.05 


10,11 


1989B 


NGC 3627 (58) 


30.22 ±0.12* 


30.22 ± 0.12* 


-19, 


,36 


± 


0, 


,18 


-19, 


.34 


± 


0. 


,16 


1.31 ± 0.07 


12,13 


1974G 


NGC 4414 (9) 


31.41 ± 0.17* 


31.41 ± 0.17a 


-19, 


,59 


± 


0, 


,35 


-19, 


.61 


± 


0. 


,30 


1.11 ±0.06 


14 


1998bu 


NGC 3368 (7) 


30.37 ±0.16'' 


30.37 ±0.16=^ 


-19, 


,53 


± 


0, 


,30 


-19 


.51 


± 


0, 


,25 


1.01 ± 0.05 


15,16 


Straight mean (neglects 1895B) 






-19, 


,49 


± 


0, 


,03 


-19 


,49 


± 


0, 


,03 






Weighted 


mean (neglects 1895B) 






-19, 


,49 


± 


0, 


,07 


-19, 


.48 


± 


0, 


,07 







''The true modulus is listed. 



References.— (1) Sandage et al. 1992; Saha et al. 1994; (2) Schaefer 1996; Jacoby & Kerce 1996; (3) Sandage et al. 1994; Saha et 
al. 1995; (4) Schaefer 1995a; (5) Hamuy et al. 1995; (6) Saha et al. 1996a; (7) Schaefer 1995a, b; Phillips 1993; (8) Saha et al. 1996b; (9) 
Leibundgut et al. 1991b; Schaefer 1995c; (10) Sandage et al. 1996; (11) Leibundgut et al. 1991a; (12) Wells et al. 1994; (13) this paper; 
(14) Schaefer 1998; (15) Tanvir et al. 1995; (16) Suntzeff et al.l998. 
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Table 6 

Fiducial Sample Reduced with Variable Hq 



SN la 


T 


log V 








Hn 


m — M 


ivi ^yu ) 




ivi J yu } 


^"'15 


M ■» 
K^} 


K^} 




(41 






il\ 
\' ) 




\") 


(ini 


(111 


(1 91 


1937C 


5 




8.83 


8.86 














0.87 ±0.10 


1956A 


3 


3.160 


12.69 


12.49 




59.5 


31.93 


-19.24 


-19.44 






1959C 


5 


3.526 


13.65 


13.76 




57.5 


33.83 


-20.18 


-20.07 






1960F 


5 




11.60 


11.51 
















1967C 


5 


3.198 


13.25 


13.26 




59.3 


32.12 


-18.87 


-18.86 






1969C 


5 


3.537 


13.78 


13.71 




57.4 


33.89 


-20.11 


-20.18 






1971L 


3 


3.279 


12.59 


12.42 




58.8 


32.55 


-19.96 


-20.13 






1972E 


5 




8.49 


8.52 














0.87 ±0.10 


1972H 


3 


3.504 


14.35 


14.19 




57.6 


33.72 


-19.37 


-19.53 






1973N 


5 


3.656 


14.76 


14.82 




56.8 


34.51 


-19.75 


-19.69 






1974G 


5 




12.48 


12.27 














1.11 ±0.06 


19750 


3 


3.701 


15.17 


15.04 




56.6 


34.74 


-19.57 


-19.70 






1976J 


5 


3.637 


14.28 


14.26 




56.9 


34.41 


-20.13 


-20.15 




0.90 ± 0.10 


1981B 


4 




11.64 


11.66 














1.10 ±0.07 


1990N 


3 




12.67 


12.63 














1.07 ± 0.05 


1991S 


3 


4.223 


17.81 


17.77 


18.07 


55.0 


37.41 


-19.60 


-19.64 


-19.34 


1.04 ±0.10 


1991T 


3 


3.072 


11.69 


11.51 


11.62 


59.9 


31.47 


-19.78 


-19.96 


-19.85 


0.94 ± 0.10 


1991U 


4 


3.992 


16.40 


16.34 


16.52 


55.0 


36.26 


-19.86 


-19.92 


-19.74 


1.06 ±0.10 


1991ag 


3 


3.616 


14.62 


14.54 


14.86 


57.0 


34.30 


-19.68 


-19.76 


-19.44 


0.87 ±0.10 


1992ag 


5 


3.891 


16.41 


16.28 


16.41 


55.5 


35.73 


-19.32 


-19.45 


-19.32 


1.19 ±0.10 


1992al 


3 


3.627 


14.60 


14.65 


14.94 


57.0 


34.36 


-19.76 


-19.71 


-19.42 


1.11 ±0.05 


1992bh 


4 


4.131 


17.70 


17.62 


17.80 


55.0 


36.95 


-19.25 


-19.33 


-19.15 


1.05 ±0.10 


1992bs 


3 


4.279 


18.37 


18.30 




55.0 


37.69 


-19.32 


-19.39 




1.13 ±0.10 


1993B 


3 


4.326 


18.53 


18.41 


18.70 


55.0 


37.93 


-19.40 


-19.52 


-19.23 


1.04 ±0.10 


1994S 


4 


3.684 


14.81 


14.82 




56.6 


34.66 


-19.85 


-19.84 






1994ae 


5 


3.198 


13.12 


13.02 




59.3 


32.12 


-19.00 


-19.10 




















Mean 


— 19.60 


— 19.67 


— 19.44 


1.03 
















rms 


0.347 


0.353 


0.242 


0.10 


1991G 




3.343 


13.85 


13.94 




58.5 


32.88 


-19.03 


-18.94 






1980N 


} 


3.158 


12.49 


12.44 


12.70 


59.5 


32.88 


-19.43 


-19.48 


-19.22 


1.07 ± 0.04 


1981D 




3.158 


12.59 


12.40 




59.5 


31.92 


-19.33 


-19.52 




1.28 ± 0.10 


1984A 




3.072 


12.45 


12.26 




59.9 


31.47 


-19.02 


-19.21 




1.20 ± 0.12 


1990O 




3.958 


16.32 


16.31 


16.70 


55.2 


36.08 


-19.76 


-19.77 


-19.38 


0.96 ± 0.10 


1990T 




4.080 


17.16 


17.12 


17.35 


55.0 


36.70 


— 19.54 


-19.58 


-19.35 


1.15 ± 0.10 


1992P 




3.897 


16.08 


16.11 


16.39 


55.5 


35.76 


— 19.68 


-19.65 


-19.37 


0.87 ± 0.10 


1992aq 




4.481 


19.45 


19.35 


19.77 


55.0 


38.70 


-19.25 


-19.35 


-18.93 


1.46 ± 0.10 


1992bg 




4.030 


16.72 


16.76 


17.04 


55.0 


36.45 


-19.73 


-19.69 


-19.41 


1.15 ± 0.10 


1992bc 


2 


3.774 


15.16 


15.24 


15.58 


56.2 


35.12 


-19.96 


-19.88 


-19.54 


0.87 ± 0.05 
















Mean 


-19.47 


-19.51 


-19.54 


1.11 
















rms 


0.317 


0.279 


0.194 


0.19 


1961D 


-2 


3.913 


16.46 


16.67 




55.4 


35.85 


-19.39 


-19.18 






1962A 


-2 


3.804 


15.56 


15.67 




56.0 


35.28 


-19.72 


-19.61 






19651 


-1 


3.214 


12.40 


12.57 




59.2 


32.21 


-19.81 


-19.64 






1966K 


-1 


4.005 


17.00 


17.00 




55.0 


36.32 


-19.32 


-19.32 






1970J 


-3 


3.536 


14.84 


14.74 




57.4 


33.89 


-19.05 


-19.15 




1.30 ±0.12 


1972J 


-1 


3.457 


14.64 


14.54 




57.9 


33.47 


-18.83 


-18.93 






1990af 


-1 


4.178 


17.87 


17.82 




55.0 


37.19 


-19.32 


-19.37 




1.56 ±0.05 


1992A 





3.158 


12.57 


12.55 


12.80 


59.5 


31.92 


-19.35 


-19.37 


-19.12 


1.47 ±0.05 


1992J 


-2 


4.137 


17.70 


17.58 


17.84 


55.0 


36.98 


-19.28 


-19.40 


-19.14 


1.56 ±0.10 


1992ae 


-3 


4.351 


18.62 


18.51 




55.0 


38.05 


-19.43 


-19.54 




1.28 ±0.10 


1992au 


-3 


4.260. 


18.21 


18.16 


18.41 


55.0 


37.60 


-19.39 


-19.44 


-19.19 


1.49 ±0.10 


1992bk 


-3 


4.240 


18.11 


18.11 


18.31 


55.0 


37.50 


-19.39 


-19.39 


-19.19 


1.57 ±0.10 


1992bl 





4.110 


17.36 


17.36 


17.64 


55.0 


36.85 


-19.49 


-19.49 


-19.21 


1.51 ±0.10 


1992bo 


-2 


3.736 


15.86 


15.85 


15.97 


56.4 


34.92 


-19.06 


-19.07 


-18.95 


1.69 ±0.10 


1992bp 


-2 


4.374 


18.41 


18.46 


18.78 


55.0 


38.17 


-19.76 


-19.71 


-19.39 


1.32 ±0.10 


1992br 


-3 


4.420 


19.38 


19.34 




55.0 


38.40 


-19.02 


-19.06 




1.69 ±0.10 


19930 


-2 


4.193 


17.67 


17.76 


17.99 


55.0 


37.26 


-19.59 


-19.50 


-19.27 


1.22 ± 0.05 


1993ag 


-2 


4.177 


17.72 


17.69 


18.01 


55.0 


37.18 


-19.46 


-19.49 


-19.17 


1.32 ±0.10 


1993ah 


-1 


3.935 


16.33 


16.37 


16.68 


55.3 


35.96 


-19.63 


-19.59 


-19.28 


1.30 ±0.10 


1994D 


-1 


3.072 


11.86 


11.90 


12.11 


59.9 


31.47 


-19.61 


-19.57 


-19.36 


1.32 ±0.05 


1994M 


-3 


3.862 


16.42 


16.29 




55.7 


35.58 


-19.16 


-19.29 






1994Q 


-1 


3.938 


16.83 


16.83 




55.3 


35.98 


-19.15 


-19.15 






1995D 





3.328 


13.33 


13.35 




58.6 


32.80 


-19.47 


-19.45 







Mean -19.38 -19.38 -19.21 1.44 
rms 0.258 0.207 0.121 0.155 
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Table 7 

Mean Absolute Magnitudes Corrected for Decay Rate as Function of Morphological Type 

BASED ON Hq (global) = 55^ 



T 

(1) 


(2) 


{Mir') 

(3) 


(Mf) 
(4) 


n{B,V) 
(5) 


n(/) 
(6) 


3,4,5 


-19.54 ±0.078 


-19.58 ±0.071 


-19.38 ±0.088 


10 


8 


1,2 


-19.51 ±0.071 


-19.48 ± 0.054 


-19.24 ±0.054 


9 


7 


-3toO 


-19.64 ±0.043 


-19.54 ±0.032 


-19.32 ±0.024 


15 


11 


All 


-19.57 ±0.034 


-19.54 ±0.028 


-19.32 ±0.032 


34 


26 






Calibrators from Table 5 






3, 4,5 


-19.43 ± 0.047 


-19.39 ± 0.071 




8 





^Listed are the magnitudes corrected for decay rate via equations (15), (16), and (17). 
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Fig. 1. — Ground-based image of NGC 3627 made with the Mount Wilson Hooker 100-inch reflector by Hubble on November 29/30, 1946. 
The image is from the same original negative as used for the short expo sure image as an insert in The Carnegie Atlas, Panel 137. The field covered 
by the WFPC2 of the HST is superposed. The position of SN 1989B (|Barbon et al] 1990) is marked. 
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23 



Fig. 3. — Identifications for all the variable stars found. The numbers are the same as in Tables g and Each of the four WFPC2 chips are 
shown separately. 
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Fig. 4. — Light curves, plotted in order of period, in the F555W band. The first four variables are plotted with the arbitrary period of 100 days 
to facilitate the visuaUzation. The actual periods are unknown; the time interval of the observations of 58 days is shorter than the actual periods, 
if any, of these four stars. 
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Fig. 5. — Same as Fig. ^ but for the FSUW passband, adopting the periods and the phasing used in Fig. 
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Fig. 6. — The apparent P-L relations in V and / showing all the Cepheid data in Table 0. The solid circles are Cepheids with log P > 1.35 
with quality class of 4 or better. Open circles are for the remainder of the variables in Table H The drawn lines are the adopted P-L relations 
in equations (1) and (2) used in the previous papers of this series from Madore & Freedman (1991). The ridge line has been put arbitrarily at a 



modulus of (m — Af) = 30.2 simply to guide the eye before analysis of differential extinction 
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Fig. 8. — Correlation of the apparent modulus in V with that in I for the subset of the Cepheids in Table q with {{V) — (/)) < 1.15 and 
log P > 1.15. Open circles are the bluest of the 29 Cepheid subsample. Closed circles are of intermediate color. 
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Fig. 10. — Ut vs. log P for the subset of the 29 bluest Cepheids. Same coding as in Figs, p and [ 
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Fig. 11. — Same as Fig.^but for the blue 25 Cepheid subsample. The zero-point of the correlation is assumed to be at (m — M)o = Ut = 30.17 
as in equation (6). 




Fig. 12. — Correlation of the kinematic absolute magnitudes Mi {Hq = 55) from columns (9) - (11) of Table |6| with the Ami^lB) decay 
rate from column (12). Open circles are for late type spirals, Roman crosses are for early type spirals, and skipping-jack crosses are for E and SO 
galaxies. The lines are from equations (15) - (17) with the adopted zero points at Ami5{B) = that are listed in the text. 
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Fig. 13. — Correlation of (Bo — Vo) color with the decay-rate corrected magnitudes A//^. The lines are equations (20) and (21) of the text. The 
shallow slope coefficients in B and V, and the reverse correlation of color with luminosity for the / band data, show that the correlations are not 
due to absorption and reddening, but are an intrinsic property of the supemovae. 
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Fig. 14. — Same as Fig. Obut for {Vo — lo) colors. Note the reverse correlation in V and /, where the absolute magnitude is brighter for 
redder colors, showing againthat the correlation is not due to canonical extinction and reddening. 



